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=| HE movement of the teeth in the jaws, as a result of growth 

of head and face, eruption of teeth, or extraneous pressure, 

acting separately or in combination, is a phenomenon of 

2 =) Common occurrence and general recognition. Detailed stud- 

ies treating of changes in the dental arches caused by such movements 

are those by Colyer (’20), Franke (’21), Brash (’24, ’28), Lewis and 

Lehman (’29), Hellman (’33), Smyth and Young (’32) and Goldstein 

and Stanton (’35). Of this group, however, considering the dental 

arches proper, without reference to the head, the direction of growth 
has been dealt with specifically only by Franke, Colyer, and Brash. 

That such growth occurs, within the specific area of the dental arches, 
is abundantly attested to by the observation of changes of relationship 
between the teeth of the two jaws, the shifting of distances between 
teeth in the same jaw, and the increase or decrease in horizontal over- 
bite due to variability in growth rate in either one or both arches. 

The great obstacle to a quantitative investigation of growth-direction 
has been the apparently insurmountable difficulty of determining a point 
or points in the arches which would not change in position with growth. 


*The authors wish to acknowledge with thanks the critical reading of the 
manuscript by Dr. H. L. Shapiro of the American Museum of Natural History. 
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In other words, since a fixed point appeared essential in order to relate 
the dentitions at various ages, and such a stable base could not apparently 
be ascertained during the process of growth, an absolute or quantita- 
tive account of direction and movement of the teeth seemed quite im- 


possible. 


Brash ('28, p. 399) flatly states, with reference to forward and backward 
movement of the cheek teeth, that “there is absolutely no means of determining 
by measurement what is happening in this region.” 

Mention was made, however, that Franke, Colyer, and Brash had con- 
tributed to the problem of direction of growth in the alveolar arches. Franke 
used the first permanent molars as a base upon which relationships were made 
and modes of growth observed. The assumption was made, apparently, that 
the first permanent molars were stable, especially with regard to the dentition 
anterior thereto. It may suffice for the moment to point out that there was 
actually no foundation for this assumption of fixity in the first molar region. 
Indeed, Brash (’28, p. 493) states in this connection, as a result of his work on 
the growth of the mandible in madder-fed pigs, that “The first permanent 
molar cannot any longer be looked upon as a fixed point in any sense from 
which to measure or superimpose the alveolar arches. Its position, like that 
of any other point in the arches, is relative only.” 

Colyer related his dentures across the most anterior points of the central 
incisors. This procedure, however, is liable to essentially the same objection 
noted in the discussion of Franke’s method; the incisors are no more stable than 
the molars. 

The mode of tooth movement has been studied by Brash in another manner, 
namely, by noting in madder-fed pigs, “first, the distribution of new bone in the 
walls of the alveoli, made possible by the pigmentation of the new bone due to 
madder feeding; (and) second, in the actual relation of the new white inner 
edge of the alevolar border to the original red inner edge which is clearly vis- 
ible below it.’” 

The conclusions of these authors will be referred to later in our study. 


PRESENT STUDY 


The method employed in the present study is an adaptation of that 
reported by F. L. Stanton (’22).? The latter was devised primarily to 
enable the orthodontist to relate dentures being changed by orthodontic 
appliances. Upon an orthographically projected (5 times enlarged) pic- 
ture of the dentition, taken at the gingival margins of the teeth labially 


*loc. cit., p. 390. 
*See Stanton, F. L. and R. H. Hanau (1915), Fish, G. D. (1917), and 


Stanton, F. L., G. D. Fish, and M. F. Ashley-Montagu (1931). Full titles to 
these papers are given in the bibliography. 
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and lingually, and at the contact points proximally and distally, the 
geometrical center of the whole dentition is located. The foci of measure- 
ment are the centers of each tooth, which in each instance is merely the 
most centrally situated point in the tooth outline. An axis is then as- 
sumed through this center of the dentition, which is consequently cor- 
rected according to a formula devised by Fish by which it becomes an 
axis most nearly symmetrical in relation to the denture involved. 

The details for method of projection and determining the center of 
dentition and axis must be referred to the papers already mentioned by 
Stanton and his collaborators. 

Now, possessing a map (as the projected dentitions are called) of 
any given case of malocclusion, and a map of proper occlusion of this 
individual, the orthodontist can ascertain by relating the two upon cen- 
ter and axis, the minimal changes necessary in each tooth in order to 
attain the proper occlusion. Moreover, the direction and extent of tooth 
movement thereby become evident and measurable. 

A method for determining the proper occlusion in any given case of 
malocclusion has also been propounded,’ but this matter need not con- 
cern us in the present instance. 

The question naturally arises as to the validity of this method of 
relating dentures by geometrical centers and axes of least asymmetry. 


The answer, justifying its tenability, has been made by Fish, an engineer, 
and in substance is thus: 


In the absence of extraneous forces, there is apparently no cause for dis- 
placement of the denture as a whole with respect to the skull. Expressing this 
postulate in terms of the Theory of Least Squares, it may be stated as a criter- 
ion that if a certain normal configuration be converted by forces acting among 
the teeth alone (induced by orthodontic appliances) into a certain different con- 
figuration, then the position of the new configuration with respect to the other 
will be such that the sums of the squares of displacement of the several tooth 
centroids will be the minimum possible.‘ 


A detailed mathematical proof follows this contention. 

It must be clearly understood that the denture center-axis method 
of relating dental arches is based on the assumption that the forces 
moving the teeth are initiated by orthodontic appliances, and therefore 


*Stanton, F. L., Arch predetermination and a method of relating the pre- 
determined arch to the malocclusion, to show the minimum tooth movement. 
Internat. J. Orth., v. 8, no. 12, 1922, pp. 757-778. 

‘This statement occurs in personal correspondence, and is not published. 
It appears, however, in different form in the papers by Fish, loc. cit. 
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must be internal. In other words, although the pressure exerted origin- 
ates from the appliances, the movements, or actions and reactions, are 
in and among the respective teeth only; the teeth move merely in relation 
to each other. The dentition as a whole therefore, could neither be trans- 
lated nor rotated. It is not as if the whole dentition was attached to a 
moving train, wherein the forces involved would obviously be external 
to the dentition, and the whole denture could then be moved as a unit in 
the same direction. And since the actions and reactions are entirely within 
the dentition proper, the net result of orthodontic treatment would nec- 
essarily be a change merely in form of the denture, the geometrical 
center of the dentition remaining virtually unchanged. 

Now, it was realized that the growth forces affecting the dentition 
were external to the dentition. Not only does the dentition as a whole 
move with reference to the head, as an integral part thereof, and in 
correspondence with the growth downward and forward of the face, 
but it can scarcely be doubted that the alveolar arches proper are affected 
by growth of the various parts of the face and head: e.g., the maxillae, 
malars, palate, etc. Yet, just what the growth forces are, or even how 
growth of the various parts of the face and head influence the growth 
within the alveolar arches, to our knowledge, are quite unknown. More- 
over, the alveolar area is rather a limited one, and absolute changes 
due to growth (increase or decrease in tissue)are not very great even 
over considerable periods of time. 

It seemed to the writers, therefore, in view of the lack of knowledge 
concerning growth forces as such, and the suggestion that the external 
forces affecting the dentition were not large, that on the whole, and 
considering changes in the dental arches only without reference to the 
head, the method elaborated for relating dentures treated for maloc- 
clusion could be substantially applied to the study of movements among 
the teeth when no orthodontic treatment was involved. 

A number of experiments were attempted to test this hypothesis. 
These consisted of arbitrary movements of the teeth in such a manner 
as could conceivably occur as a consequence of growth, which were then 
checked to see if such movements actually occurred according to the 
Stanton-Fish map relationship method. 

The procedure was as follows. Assuming that the canine teeth 
had moved back 3 mm., pencil marks were made at this distance be 
hind the centers of the respective cuspids. This new dentition, com- 
prising teeth not moved and those moved, was thereupon transferred to 
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another sheet of paper, and a new geometrical center of denture and 
another axis were calculated according to this changed map. The maps, 
it may be mentioned, were made on transparent paper. 

The two maps, original and changed, were then related according 
to their respective centers of dentition and axes. If the method of 
map relationship was valid, the teeth, represented by their centers, moved 
and not moved, should coincide in the two maps. If correspondence 
did not occur in teeth or centers of dentition and axes, the deviations in 
each case would essentially indicate the error involved in the attempt 
to depict movements induced by growth rather than by appliances. 

It may be mentioned that the front and back movements observed 
were average ones, i.e., a line was drawn between corresponding teeth 
on each side of the arch and the various movements measured along 
the axis midway between the teeth (figure 1). Also of moment is the 
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fact that the same number and kind of teeth were always counted when 
the denture centers and axes were calculated in maps of the same in- 
dividual at different ages. 
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The results of the experiments follow. 


Test 1. All of the upper teeth (10) were moved forward 1.0 mm., the lower 
(10) kept stationary. 
Error of prediction’ (in mm.) : 
Denture center displaced 0.5 
All upper and lower teeth 0.25 back of predicted position 

This test, therefore appears a failure, and was actually anticipated as such. 
With all teeth of one denture moving forward, and the whole dentition of 
the other jaw remaining still, the denture center in the altered map must neces- 
sarily be located forward one half the entire translation, and the movements 
portrayed by map relationship would consequently show half of the predicted 
motion in the moving arch and the other moiety of movement in the stationary 
jaw. 

Although it is conceivable that the whole dentition in one arch could move 
forward while all the teeth in the other arch remained quiescent, it scarcely 
seems probable that such activities would occur often, if at all. In any event, 
the method would not hold true for movements of this type. 


Test 2. C, D, and E,° right and left sides in each jaw, were moved as a 
unit 2.0 mm. outwardly, swung round the mesial contact of the cuspids. 


Error of Prediction (mm.): Denture center displaced 0.4 


Teeth A B ¢ D E Predicted Position 
Upper .... 0.35 0.35 0.3 0.3 0.3 all back of 
Lower.... 0.5 0.4 0.4 0.0 0.2 all back of 


Test 3. C, D, E, right side, lower moved bucally and upper lingually so that 
one fossa-cusp relationship was jumped, causing cross-bite. 


Error of Prediction (mm.): Denture center displaced 0.1 
Teeth A B iy D E Predicted Position 


Upper .... O12 0.1 0.1 0.0 0.0 all back of 
Lower.... 0.1 0.05 0.0 0.0 0.0 all back of 


Test 4. Extracted right lower E; moved lower right permanent first molar 
forward 2 mm. and lower right cuspid back 1.0 mm. 
Error of prediction (mm.): Denture centroid displaced 0.1 


Teeth A B C D E 6 Predicted Position 
Upper.... 0.0 0.0 0.0 0.0 0.0 0.0 
Lower.... 0.15 0.1 0.r 0.05 0.15 all back of 


*The error of prediction is the discrepancy between the predicted location of 
the teeth and their actual situation, when old and changed dentures are related 
on their respective denture centers and axes; e.g., a tooth is moved forward 
2.0 mm. (prediction), whereas actual movement shown by map relationship is 
1.8 mm. forward. The error would be 0.2 mm. back of predicted position. 

*See figure 1 for explanation of characters. 
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Test 5. Upper incisors (4) moved forward 4 mm; lower incisors (4) moved 
back 2 mm. 

Error of Prediction (mm.): Denture centroid displaced 0.4 

Teeth A B Cc D E 6 Predicted Position 


Upp... Of O05 Gp as 0.4 all back of 
Lower.... 0.4 0.5 O03 025 Of 095 all back of 


Test 6. Lower central incisors (2) moved back 2.0 mm; lower lateral in- 
cisors (2) moved back radially 1.0 mm. 


Error of Prediction (mm.): Denture centroid displaced 0.3 
Teeth A B ¢ D E 6 Predicted Position 


Upper .... 0.7 0.15 0.0 0.1 0.15 all in front of 
Lower.... O02 O15 O1§ O2 0.2 0.2 ~~ all in front of 


Test 7. Permanent incisors (8) substituted for deciduous incisors (8); 4 
deciduous cuspids moved distally to close spaces back of these teeth. Permanent 
lower centrals consequently overlapped. 


Actual movements were (mm.) : 


RIGHT SIDE LEFT SIDE 


1.6 buccally ; sl. back 0.5 buccally ; sl. forward 
2.2 buccally ; sl. back 2.0 buccally 
0.65 backward 0.6 backward 


0.4 mesially ; sl. back 0.25 forward; sl. buccal 
0.9 buccally 1.0 buccally 
0.5 backward 0.5 back; sl. buccal 


Error of prediction (mm.): Denture center displaced 0.0 
All teeth (20) of new map fell precisely on those of old map. 


Test 8 Upper central incisors (2) moved together 2.5 mm; upper right 
cuspid moved back 1.0 mm; upper right permanent first molar moved forward 
2.0 mm. 

Error of prediction (mm.): Denture center displaced 0.0 
All teeth (20) of new map fell precisely on those of old map. 


The above comprise all the experiments attempted. It was felt 
that others could not be appreciably different in kind, and that under 
the same or similar conditions or movements as those already noted, 
there would necessarily result identical or very similar types of errors. 

The experiments appear to indicate that in certain types of move- 
ments, especially those which would seem unlikely to occur, or to occur 
but rarely, under normal conditions of health, (e.g. Tests 1, 2, and 5), 
the method of map relationship by center of denture and axis of least 
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asymmetry was not altogether trustworthy. On the other hand, it 
seems to the authors that the experiments as a group did demonstrate 
an essential feasibility for use in determining direction and extent of 
movements of the teeth under circumstances simulating growth. To 
be sure, it is also plain that intelligent caution will have to be exercised 
in the interpretation of the data. 

Further evidence supporting our contention of the substantial verac- 
ity of the method, may be seen from a brief consideration of the 
average error involved. 

All the errors of prediction occurring in each dentition were sum- 
mated. The average errors were then obtained by dividing these sums 
by half the total number of teeth reckoned in the establishment of dent- 
ure center and axis. It will be recalled that the extent of deviation 
from predicted location was ascertained on the axis, practically a mid- 
point between the right and left sides of the dental arch. Hence the 
“weighting” or division of the total number of teeth by two, thereby 
achieving a median value obviously necessary under the circumstances. 

The data are presented below. It is seen that the amounts of error 
between predicted and actual positions of the teeth, considered in toto, 
and including even the extreme and probably rare cases, are very slight 
indeed, 0.171 mm. in the upper arch, and 0.183 mm. in the lower. 


Calculation of Total Error in Each Dentition between Predicted and 
Actual Location of Teeth (mm.) 








8 TOTALS 





Upper Dentition (80 teeth) 25 16 03 00 195 O05 008 00 6.85 
Lower Dentition (84 teeth) 25 1.5 O15 O55 I1.9 I. 00 OO 7.70 





6.85 mm. 
80/2 


= 0.171 mm. Average Error in Upper Arch 


7.70 mm. 


“——" 0.183 mm. Average Error in Lower Arch 


It might also be recalled that the direction of movement was gen- 
erally correct even when a greater or less error existed between pre- 
dicted and actual amounts of movement. 
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MATERIAL 


The present study is based upon the dentitions of 183 children at- 
tending the Division of Child Research, College of Dentistry, New 
York University. Their ages range from 2-10 years. Observations were 
carried on over a span of 2 to 6 years, and dental impressions (plaster 
of paris, excepting a few in compound) were obtained at yearly intervals. 

It is obvious that two dental casts were necessary in each case in 
order to observe movements during a single year. 

Children with no previous orthodontic treatment only were included 
in the study; dentitions with space retainers were among those excluded 
except where their use was confined to one jaw only, in which case the 
dentition of the opposite jaw was utilized. 

The material comprises cases with normal and abnormal occlusion, 
and has been so divided in the presentation.’ Classification of normal 
and abnormal occlusion was made according to the usual practice of the 
orthodontist; border-line cases, of course, might be placed in either 
category by different observers. 

Cognizance was taken of forward and backward movements in each 
jaw with respect to deciduous-deciduous, deciduous-permanent, and per- 
manent-permanent teeth. The factor of sex was not considered for lack 
of sufficient number of cases, although mention may be made that our 
impression after mulling through the data is that no essential difference 
in direction or extent of tooth-movement occurred between males and 
females. 


DIRECTION OF MOVEMENT 
Upper dentition 


(a). Non-movement—In this category, besides complete absence of 
movement, are placed changes of 0.1 and 0.2 mm., forward or backward. 
Such movements, it was felt, were scarcely appreciable, and were so 
slight that they might be due, despite painstaking care, to errors of 


"Note: When the first dental cast manifested normal occlusion, and a year 
following it was abnormal, any movement of teeth within this interim was classi- 
fied as of abnormal occlusion; when the first was abnormal, and the following 
year it had become normal, movement was considered as of the normals. Rela- 
tively few cases occurred in this manner: most cases, when normal one year, were 
normal the following year, and vice versa. 





HUMAN BIOLOGY 
TABLE 1A 
Percentage of Various Teeth Moving Forward, Backward or Not 


At All According to Ages of Children, Upper Dental Arch, 
Normal Occlusion 





A-A B-B c-c 6-6 
MOVEMENT % % %o 


(14)* = (14) 
None’ 57 50 
Forward*® 14 21 
Backward* 29 


(25) 
None 60 
Forward 
Backward 











None 
Forward 


Backward 





None 
. Forward 
Backward 














(3) 

33 

33 
Backward 33 67 





*Figures in brackets refer to number of cases. 
"Includes 0.1 and 0.2 mm. movements in either direction. 
*Excluding 0.2 mm. and less. 

*Excluding 0.2 mm. and less. 
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TABLE 1B 
Percentage of Various Teeth Moving Forward, Backward or Not 


At All According to Ages of Children, Upper Dental Arch, 
Abnormal Occlusion 





c-c 6-6 
% 


MOVEMENT 





None’ 
Forward*® 
Backward‘ 





None 
Forward 
Backward 





None 
Forward 
Backward 





None 
Forward 
Backward 





None 
Forward 
Backward 





None 
Forward 
Backward 





None 
Forward 
Backward 10 


(13) (13) 
Nene 69 46 
Forward 23 23 
Backward 8 31 20 








*Figures in brackets refer to number of cases. 
*Includes 0.1 and 0.2 mm. movements in either direction. 
*Excluding 0.2 mm. and less. 

‘Excluding 0.2 mm. and less. 
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measurement or even of projection of the denture. Discounting the 
0.I—0.2 mm. movements should minimize these possible errors and give 
a more reliable picture of actual changes in position of the teeth. 

There is seen (tables ta and rb) in all age intervals and among all 
the teeth of the dentition, a substantial percentage of cases without 
movement. This stability is apparent in the dentitions both with normal 
occlusion and malocclusion. Indeed, in most instances the incidence of 
non-movement appears equal to or exceeds the combined frequency of 
forward and backward changes. 

A decrease in this stability, especially in the teeth anterior to the 
molars (deciduous), is noted (fig. 2) between the ages 5 and 8 years, 
a condition probably due to the acceleration of alveolar growth at this 
time.’ In fig. 2 can also be more clearly seen that stability is more evi- 
dent in dentitions with normal than with abnormal occlusion. 

(b). Antero-posterior movement—Normal and abnormal dentitions 
each exhibit (tables 1a and 1b) anterior and posterior movements in 
all the respective teeth. At the same time it is seen that the incidence of 
forward and backward movements differs appreciably between the dif- 
ferent teeth and at the various age intervals. 

Considering the normal dentitions first, we note a definitely greater 
percentage of backward movement in the teeth anterior to the molars 
(deciduous), at all ages except the last two (8-9 and 9-10). Curiously 
enough, the deciduous molars reverse the above trend; during the early 
years, from 2 to 7, the direction of movement is preponderantly forward, 
after which it is somewhat more frequently backward. The paucity of 
permanent first molars scarcely permits comment on these teeth, although 
it is of interest to note that the trend toward backward movement here 
discernible appears likewise in the abnormals which -ontain a fairly 
representative series. 

Movements of teeth in the abnormal dentitions appear essentially 
similar to those in the normal. Backward movements are more pre- 
valent among the incisors and cuspids until the 6-7 year interval, after 
which the anterior direction equals or exceeds the backward. A similar 
situation was noted in the normals except that the change in trend from 
posterior to anterior occurred at the 8-9 year stage. 

As in the normals, the temporary molars manifest a greater fre- 
quency of forward movement until the seventh year, after which the 


*Acceleration of alveolar growth within this age period has been noted by 
Young and Smyth (’32), Goldstein and Stanton (’35), and others. 
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Fic. 2. PrercentaL DistrrsuTion oF CASES WITH NorRMAL AND ABNORMAL 
Occiusion, RESPECTIVELY, MANIFESTING NO ANTEROPOSTERIOR MOVEMENT (0- 
0.2 MM.) IN THE SEVERAL TEETH (UPPER AND Lower DENTITIONS) 
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Fig. 3 


Fic. 3. Percentat Distripution or Cases wirH NoRMAL AND ABNORMAL 
OccLusion Manirestinc, Respectivety, ForwarD AND BACKWARD MovEMENTS 
IN THE SEVERAL TEETH AccorDING To Ace (Uprer DENTITION ) 
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backward direction equals or exceeds the former. The permanent first 
molars seem about equally susceptible to forward as to backward shifts. 

It may be noted that the percentage difference, or range, between 
the two directions, forward and backward, is generally greater in the 
normal occlusion cases ; i.e., the normals, more than the abnormals, show 
a predominance of one direction-movenient. 

Figure 3 graphically portrays the tabular data. Movements based on 
less than six cases were not represented. 


Lower dentition 


(a). Non-movement—The lack of movement of the mandibular 
teeth appears in tables 2a and 2b, and is depicted graphically in fig. 2. 
As in the upper dentition, the lower teeth at all the ages noted manifest 
considerable stability relative to antero-posterior movement. 

The incisors of normal occlusion cases, especially the centrals, mani- 
fest a marked and almost continuous decrease of stability or non-move- 
ment from 2-7 years. This condition is also observed in the abnormals 
but in these the rise in the incidence of non-movement begins at 6-7 
years, one year before the normals. Indeed, the incisors of the ab- 
normals appear on the whole perceptibly less stable, within comparable 
age intervals, than those of the normals. The teeth other than the in- 
cisors in abnormal occlusion, however, manifest trends of non-movement 
more or less similar to those of the normals. 

(b). Antero-posterior movement—Both anterior and posterior move- 
ments, as in the upper dentition, occur among the mandibular teeth 
(tables 2a and 2b, fig. 4). 

The teeth anterior to the molars, as in the upper arch, manifest a 
generally greater tendency toward backward movement in the early 
years in both normal and abnormal dentitions. Yet the cuspids during the 
5-6 year period show by far a larger incidence of the forward direction, 
which continues to the end (9-10 years) and the incisors, also, about 
6-7 years begin exhibiting more forward movements. 

The molar teeth of the normals, including the permanent first, in 
contrast with the situation in the upper dentition, at every age manifest 
predominantly the forward direction. In the abnormal dentitions the 
deciduous second molar also regularly moves forward more frequently, 
albeit to a somewhat less degree than in the normals; the permanent 
first molar likewise tends to the anterior direction. 
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TABLE 2A 





Percentage of Various Teeth Moving Forward, Backward or Not 
At All According to Ages of Children, Lower Dental Arch, 


Normal Occlusion 





























AGE A-A B-B c-c D-D E-E 6-6 
(Yrs.) MOVEMENT % % % % % % 
(14)* (14) (12) (14) (11) 
2-3 None’ 64 78 58 64 18 
Forward® 14 14 8 21 82 
Backward* 21 7 33 14 - 
(27) (27) (27) (27) (25) 
3-4 None 59 67 56 44 48 
Forward 19 II 33 48 40 
Backward 23 22 I! 7 12 
(34) (33) (35) (35) (35) (1) 
4-5 None 38 48 54 54 46 100 
Forward 9 9 12 29 49 
Backward 53 42 34 17 5 ace 
(19) (21) (23) (22) (23) (2) 
5-6 None 32 38 61 45 39 100 
Forward 15 24 30 50 57 
Backward 53 38 9 5 3 e 
(13) (11) (16) (16) (15) (4) 
6-7 None 23 82 63 44 33 75 
Forward 46 9 37 56 67 25 
Backward 30 9 se oe ee - a 
(7) (6) (7) (5) (6) (3) 
7-8 None 29 50 86 60 50 67 
Forward 29 17 14 20 33 33 
Backward 43 34 ai 20 17 és aS 
(5) (5) (4) (3) (5) (5) 
8-9 None 60 40 100 67 80 80 
Forward 40 40 wd 20 20 
Backward... 20 i 33 cs i a 
(2) (2) (2) (2) (2) (2) 
9-10 None = 50 50 100 100 100 
Forward 50 a 50 
Backward 50 50 oe 








*Figures in brackets refer to number of cases. 
"Includes 0.1 and 0.2 mm. movements in either direction. 


*Excluding 0.2 mm. and less. 


‘Excluding 0.2 mm. and less. 
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Percentage of Various Teeth Moving Forward, Backward or Not 
At All According to Ages of Children, Lower Dental Arch, 


Abnormal Occlusion 





























AGE A-A B-B c-c D-D E-E 6-6 
(Yrs.) MOVEMENT % % % % % % 
(9)* (9) (9) (9) (4) 

2-3 None’ 44 33 44 44 25 
Forward*® 22 22 II 22 75 
Backward* 33 44 44 33 ia 

(22) (22) (22) (22) (22) 

3-4 None 27 32 45 59 59 
Forward 23 23 19 32 32 
Backward 50 45 36 9 9 

(28) (26) (28) (28) (28) 

4-5 None 21 38 64 50 29 
Forward 15 8 14 29 50 
Backward 64 53 22 22 21 

(24) (16) (23) (23) (23) (2) 

5-6 None 21 44 52 48 35 50 
Forward 42 12 31 39 43 50 
Backward 37 44 17 13 21 os 

(25) (20) (27) (25) (27) (11) 

6-7 None 24 25 67 56 56 73 
Forward 56 25 22 24 33 27 
Backward 20 50 II 20 II de 

(34) (27) (34) (30) (35) (28) 

78 None 41 30 50 57 43 54 
Forward 18 26 27 20 32 22 
Backward 4I 45 24 23 26 25 

(24) (22) (21) (20) (23) (23) 

8-9 None 42 41 57 45 48 43 
Forward 37 27 24 30 39 39 
Backward 21 32 19 25 13 17 

(9) (9) (4) (7) (9) (9) 

9-10 None 56 33 pe 43 66 55 
Forward II 33 50 14 22 33 
Backward 33 33 50 43 II II 











*Figures in brackets refer to number of cases. 

*Includes 0.1 and 0.2 mm. movements in either direction. 
"Excluding 0.2 mm. and less. 

‘Excluding 0.2 mm. and less. 
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Occtusion MANIFESTING, REesPEcTIVELy, Forwarp AND BackwarD MovEeMENTS 
IN THE SEVERAL TEETH AccorpING To AGE (Lower DENTITION) 





MOVEMENTS OF TEETH 


Transition from deciduous to permanent teeth 


Consideration of movements of teeth with respect to changes in den- 
tition from deciduous to permanent, is confined to the incisors only; 
data for the other teeth were too meager to permit analysis. 

The question whether the permanent teeth occupy the same positions 
as the temporary, is obviously a pertinent one, and has received much 
attention by Franke, Brash, and others. 


TABLE 3 


Percentage of Total Number of Cases with No Movement (0-0.2 mm.) 
According to Dentition 





UPPER Lower 
D M P M P 
No. % No. % No. No. % No % No. 











A—A N. (80) 60 (15) 13 (15) (69) 58 (18) 17 (20) 
Ab. (60) 35 (21) 24 (66) (48) 31 (17) 18 (78) 


B—B N. (90) 57 (6) 13 (10) (88) 61 (8) 37 (9) 
Ab. (76) 43 (13) 23 (29) (62) 37 (a1) 10 (50) 





D—Deciduous ; M—Mixed (deciduous to permanent) ; P—Permanent. 
N—Normal; Ab.—Abnormal 


In table 3 we have the percentages of non-movement, irrespective of 
age, occurring in deciduous, mixed (deciduous to permanent), and per- 
manent incisors; the results are considered also with regard to normal 
and abnormal occlusion, upper and lower arches. 

Some very interesting and not unexpected trends are noted. More 
than half of ali deciduous incisors of normal occlusion cases exhibit lack 
of movement, whereas the mixed dentition (deciduous to permanent in- 
cisors) manifests, comparatively, a remarkably low incidence of stability. 
A somewhat greater percentage of non-movement occurs in the perma- 
nent incisors, but these are still much less stable than the deciduous. 

Both upper and lower incisors, central and lateral, are affected in 
the above manner, although the mixed and permanent lower incisors 
are seen to be appreciably more stable than the upper teeth in the like 
categories. 
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The incisors of abnormal occlusion cases show both similar and quite 
dissimilar tendencies. Here too is discernible stability for a large percent- 
age of deciduous incisors; the percentages are much less, however, than 
in the normals; i.e., the deciduous incisors of abnormal cases are more 
mobile than those of normals, an observation noted before as a general 
tendency. Moreover, as in the normals, there is a sharp decrease of stabil- 
ity in the transition from deciduous to permanent incisors, although here, 
especially in the upper arch, the incidence of stability seems greater than 
in normal occlusion. But in clear contrast with the situation in normal 
occlusion, the permanent incisors of abnormal cases manifest a sharp 
reversion to extensive stability, the incidence of non-movement being as 
great as, or exceeding, the proportion observed in the deciduous teeth. 

In short, whereas the deciduous incisors, irrespective of age and 
relative to antero-posterior movement, appear very often quiescent, 


TABLE 4 


Percentage of Anteroposterior Movements of Teeth in Deciduous, 
Deciduous to Permanent, and Permanent Dentitions 
(over 0.2 mm.) 





UPPER 





Abnormal 








P. 





Figures in brackets refer to total cases. 
D—Deciduous ; M—Mixed (deciduous to permanent) ; P—Permanent. 
F—Forward ; B—Backward. 
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movement forward or backward becomes predominent in, and probably 
as a consequence of, the transition from temporary to permanent teeth. 
This mobility, somewhat lessened, appears to continue a few years after 
the eruption of the permanent incisors in cases with normal occlusion 
whereas an extensive reversion to stability (0-o.2 mm.) takes place in 
the abnormal cases. 

In Table 4 are presented the data concerning direction of movement 
in each type of dentition. Except for the lower central incisor of the 
“mixed” normals, where movement has been backward exclusively, both 
forward and backward movements are seen to occur between deciduous, 
mixed, and permanent incisors, respectively. The interesting result, 
however, is the greater tendency toward forward movement in the per- 
manent incisors as contrasted with the dominance of backward move- 
ment in both the deciduous and mixed incisors. 

More detailed attention will be given to the subject of transition from 
deciduous to permanent teeth later in our discussion. 


EXTENT OF ANTERO-POSTERIOR MOVEMENT 


A correlative of direction of movement must be the extent or a- 
mount of shift, consideration of which will now follow. 

The extent of movement was not considered according to chron- 
ological age, in view of the fact that such division, and further sub- 
division by type of movement (forward and backward) and perman- 
ency of teeth, would have made the various series too small for depend- 
able averages. Instead, the data were classified according to the 
Hellman stages,’ which are based on stage of tooth eruption; —— 
and more representative series were thereby attained. 

The average ages corresponding to the Hellman stages, as occurr- 
ing in the present study, are given in Table 5. Each cast is counted 
separately, and therefore the number of cases here exceeds the numbers 
appearing in direction or amount of movement where two dental casts, 
it will be recalled, of a single individual were necessary for one ob- 
servation of tooth movement. 

As regards stage of tooth eruption, the children of the present 
study appear somewhat younger than do Hellman’s (table 5). How- 
ever, inasmuch as one stage may extend over a period of years in the 


"Hellman, M., Growth of the face and occlusion of the teeth in relation to 
orthodontic treatment. Internat. J. Orth., V. 19, no. 11, 1933. 
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TABLE 5 


Average Ages of Children Corresponding to the Hellman Stages 





2 
HELLMAN NORMAL MALOCCLUSION HELLMAN S 


STAGES OCCLUSION DATA 





Aver. Aver. Aver. 
No. Age _ S.D. . Age S.D. No. Age S.D. 





Males 98 4.35 1.06 4.14 1.07 17 5.53 1.52 
Females 104 4.58 1.02 4.34 19 5.53 0.04 
Both sexes 202 4.47 ... 468. .««« wa ae acc 





Males ey se. kee, aoe ane ee 7.69 
Both sexes 14 6.07... 6.45 





Males 28 7.37 0.00 8.28 
Females 35 8.00 1.63 7.96 
Both sexes 63 7.72... 8.14 





II A, indicates the presence of deciduous second molars. 

II C, indicates beginning of eruption of permanent first molars (eruption 
through gums of any one or two, regardless whether upper or lower). 

III A, presence of permanent first molars (three or more). 


same individual, the differences between the averages are probably due 
to the fact that examinations on the present children were begun at 
rather early ages, in order to trace developmental histories, whereas 
the Hellman group was more likely obtained as the children came for 
orthodontic observation or treatment. 

It is of interest to note that the deciduous dentition is completed 
somewhat earlier in the abnormal occlusion cases. On the other hand, 
children with normal occlusion seem to get their permanent first molars 
earlier than do those with malocclusion. Regarding sex, the full com- 
plement of deciduous teeth, for both normal and abnormal occlusion, 
appear slightly earlier in the males. 

The permanent first molars in normal occlusion, also seem to erupt 
earlier in the male, but the reverse occurs in abnormal occlusion, namely, 
the molars appear sooner in the female. 
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TABLE 6 


Average Anteroposterior Movements of the 


Teeth 








P. D Mz. P. 


D. 





Forward Movement (mm.) 
Normal Occlusion 





(25) 
0.27 
(4) 
0.15 


(9) (2) (3) (4) 
0.41 O15 0.36 0.47 
Abnormal Occlusion 

(19) 

i oe 
(1) (5) 
GSP. GOs... ccs ne 
(34) (3) (9) (13) 
0.52 026 0.70 0.36 


0.36 
(21) 
0.25 





Backward Movement (mm.) 
Normal Occlusion 





(49) 
0.30 
(5) 
0.28 
(2) 
0.60 


(33) 
0.41 
(4) 
0.40 
(1) 


0.10 


(4) 
0.87 
(8) 


0.52 


(42) 

0.27 

(11) 
(6) (1) (3) (5) 
0.31 LI 0.86 0.36 
Abnormal Occlusion 


(30) 

0.36 in 

(9) (1) 
-+. 0.53 0.60 
(22) (5) (3) 


(10) 
0.31 0.26 0.50 0.43 





Figures in brackets refer to number of cases. 
D—Deciduous to deciduous. 

M—Mixed, or deciduous to permanent. 
P—Permanent to permanent. 
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UPPER AND LOWER DENTITIONS 


In calculation of average movements changes of 0.1 and 0.2 mm. 
were included. The incisors were divided according to movements be- 
tween deciduous, deciduous to permanent (mixed), and permanent 
teeth; too few permanent teeth had replaced the deciduous molars or 
canines to enable similar treatment with these. 

Examining the data (tables 6 and 7) several items of considerable 
interest become evident. First is the observation that the amounts of 
anterior and posterior movements are almost in every instance greater 
in abnormal occlusion. Second, of the deciduous teeth the incisors, on 
the whole, move most extensively; the permanent first molars shift 
in position only very slightly in either direction. Third, no consistent 
differences in average movement appear in the several Hellman stages, 
except in the incisors, where the various stages signify a change from 
deciduous to permanent teeth. Fourth, no marked difference in amount 
of movement seems apparent between the forward and backward di- 
rections. Fifth, no distinctive differences in average movements be- 
tween upper and lower dentitions appear in the tables. And sixth, the 
greatest amount of movement occurs in the incisors during the trans- 
ition from deciduous to permanent teeth. 

The point may be raised that the amounts of movement through- 
out appear very slight. This is undeniably true in a number of in- 
stances (0.2 mm., e.g.), and indeed would therefore seem to be im- 
portant negative evidence. However, with all the teeth arranged 
contiguously in an arc, and confined as the whole arc is within compar- 
atively narrow limits, a relatively slight amount of movement may 
become significant, especially wth reference to form, and consequently 
occlusion. The proper occlusion of the teeth depends on a harmonious 
relationship between the upper and lower dentitions; a deviation of 
half a millimeter even may be the difference between proper occlusion 
and malocclusion. 


DISCUSSION 


The problem of alveolar growth and tooth movement has probably 
been given more attention by Brash than by any other single individual. 
Systematizing and critically reviewing the extant literature on the sub- 
ject, as well as stressing the need for further elucidation of the problem, 
he has contributed materially to this elucidation by important original 
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Average Anteroposterior Movements of the Lower Teeth 


TABLE 7 





HELLMAN A-A 





STAGES PD, M. 


P. 


D Mh. 





Forward Movement (mm.) 


Normal Occlusion 





(2) 

1.45 
(11) 
0.58 


(22) 


0.28 

(3) 

0.30 
(2) 


0.10 


be 
0.20 
(3) 
0.36 


(4) 
0.27 


Abnormal Occlusion 


(1) 
0.30 
(2) 


1.20 


(42) 


0.50 


(11) 
0.34 
(5) 


0.32 


0.52 


(4) (24) 


0.50 


(30) 
0.27 

(10) 
0.48 

(6) 


0.25 


(14) 
0.34 
(12) 
0.40 
(29) 
0.32 





Backward Movement (mm.) 


Normal Occlusion 





(6) 
1.30 
(9 
1.01 
(2) 
0.35 


(5) 
II 1.04 
(7) 
II . 0.74 
(3) 


III 0.20 


(i) 
0.50 
(2) 
0.30 
(4) 
0.30 


(44) 
0.28 
(5) 

0.38 
(1) 


0.20 


(1) 
0.60 
(1) 
2.50 

(1) 


0.30 


(s) 
0.40 


Abnormal Occlusion 


(28) 
0.48 


(38) 
0.44 
(4) 
0.15 
(1) 
0.30 


(1) 
1.00 


0.83 


(16) (22) 


0.43 





Figures in brackets refer to number of cases. 
D—Deciduous to deciduous. 
M—Mixed, or deciduous to permanent. 
P—Permanent to permanent. 
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research. Reference has already been made to his method of studying 
alveolar growth and tooth-movements. This was, in brief, by feeding 
madder to pigs, thereby inducing pigmentation in the skeleton and 
subsequently tracing the course of growth by observations on pigmented 
and unpigmented areas. 

As a result of these investigations, or, rather, one of the many results there- 
of, the conclusion was reached that “the alveolar arches are in a constant state 
of change. Not only is there a constant upward growth but there is also 
a continuous movement of all the teeth in two other directions—buccal and proxi- 
mal” (’28, p. 493). In the same paper he states that “Detailed study has 
convinced me that forward movement is a reality” (p. 400); this observation 
seemed especially applied to the “cheek teeth.” 

Considering proximal-distal movements only, the above conclusions 
as far as they go appear substantially corroborated in the preceding. 
But, although proximal movements have actually been observed, distal 
shifts were noted as well. Moreover, there were many instances when 
virtually no movement, or stability, did occur in the various teeth. This 
latter point, however, is essentially not contradictory to Brash’s con- 
tention, for it is to be understood that when stability is cited in the 
present paper it is for a single age interval; whether any particular 
tooth remained stationary for several years could not be ascertained in 
most of the available material. In the relatively few cases which did 
afford 4 or 5 dental casts of the same individual, stability, when evi- 
dent at the first age, did not persist to the last observation. It seems 
also to the writers that absolute stability of teeth rarely if ever occurs 
over a considerable lapse of time, surely not during the period of active 
growth. 

Movements of the teeth, therefore, do not appear confined exclusively 
to one direction, but occur both forward and backward. Indeed, the 
direction may, and not infrequently does, differ among the several teeth 
of the same individual ; or the direction of movement, even the incidence 
of stability, of the various teeth may be dissimilar in different 
individuals. 

Brash also observed that the first permanent molar is not fixed, 
that “its position, like that of any other point in the jaws, is relative 
only” (’28, p. 493). That this was the case, the first permanent molar 
actually moving within the arch, was also observed in the present study. 
Yet here again it must be noted that an appreciable percentage of cases 
manifested practically no antero-posterior change during a specific time 
interval. 





lative 
molar 
study. 
cases 
- time 
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On the other hand, Brash’s conclusion that anterior movement oc- 
curs in the molars would seem, according to our data (tables 1-2), 
substantially corroborated, at least to the extent that it is the more 
usual direction. 

Colyer (’20) has depicted the deciduous and permanent dentitions 
of the same individual superimposed with the labial edges of the in- 
cisors of each coinciding. Brash, commenting on this figure (’28, 
p. 126) observes that “the molars appear to have moved forward 
slightly.” 














Fic. 5. From “A Notre on THE CHANGE IN THE DentaL Arco DuRING 
Cur_pHoop,” By Sm Frank Coryer. Upper Mik AND PERMANENT DENTAL 
ARCHES OF THE SAME INDIVIDUAL SUPERIMPOSED (3 YEARS 10 MontHs, Con- 
TrInuous Ling; 15 YeaRS 5 Montus, Broken Line: ENLARGED 2 Times) 


Closer observation of Colyer’s figure, reproduced in modified form 
in figure 5, reveals other interesting results. The figure has been mod- 
ified merely to the extent of enlarging it and indicating deciduous and 
permanent teeth by continuous and broken lines, and by demarcating 
in each tooth its center, with lines drawn across connecting both sides 
of the arch at these centers. 

The second bicuspids, to be sure, are seen to be slightly in front of 
the deciduous second molars. But, and this observation has not, to our 
knowledge, hitherto been cited, all the other permanent teeth are clearly 
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somewhat back of the corresponding deciduous teeth, with reference 
both to centers and to distal surfaces of the teeth. 

However, as indicated by Brash, and demonstrated in the present 
paper, the central incisors are not stable, but manifest appreciable antero- 
posterior movement, especially during the transition from deciduous 
to permanent teeth. Consequently, the relationship of the permanent 
and deciduous teeth as suggested by Colyer in his figure, would per- 
force require modification. 

Franke, as previously mentioned, had noted changes in position of the teeth 
by relating dentitions on a base line joining both sides of the arch immediately 
in front of the permanent molars, relying on the assumption that these molars 
were stable. Superimposition of dentures by this method revealed a backward 
movement of all the teeth in the transition from deciduous to permanent den- 
titions; i.e., the ten anterior teeth of the permanent arch were located behind, 
or inside, the arch formed by the deciduous teeth. 


Now, the assumption that the permanent first molars are fixed in 
position has been shown by Brash and the present writers to be un- 
tenable, or only tenable in certain cases and within a limited time. 
Franke, however, in support of his general thesis, points out the fact 
that the permanent incisors are formed and do erupt behind their de- 
ciduous predecessors. It seems to us, however, that the terms “erupting 


in front” or “erupting back” may be largely a matter of definition. 
Their usage has not been free from ambiguity. Does the whole per- 
manent incisor, all surfaces, erupt back of the deciduous? or is it merely 
the lingual surface which is more or less back? 

The permanent incisor is of course larger labio-lingually than the 
deciduous. Hence the former may erupt so that the labial edge coin- 
cides with that of the preceding deciduous incisor and still be consider- 
ably back of the deciduous tooth lingually. 

It seems to us, therefore, with regard to Franke on eruption of the 
permanent teeth behind the deciduous, that it is hardly likely, at least 
not as a frequent occurrence, for the whole permanent incisor, every 
surface thereof, to erupt back of the corresponding deciduous tooth. 

Moreover, it is obviously important to know whether the permanent 
incisors, if erupted behind the deciduous teeth, remain in this same po- 
sition. Franke seems to imply that they do. 

In the present study the data pertaining to the transition from de- 
ciduous to permanent teeth are confined to the incisors only. It was 
shown (tables 6 and 7) that the incisors are most usually, and to the 
greatest extent, active in anteroposterior changes during the transition 
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period. Also, the direction of movement at this time was preponder- 
antly backward ; i.e., the location of erupted permanent incisors (their 
centers) was usually back of the corresponding deciduous teeth (their 
centers). Yet, there was an unmistakable suggestion that a resurgence 
forward occurred in the permanent teeth during the ensuing year. The 
numbers manifesting proximal movement a year after eruption of the 
permanent teeth rose to the extent of exceeding the preceding domin- 
ant distal trend. 

A much more desirable insight into the situation, however, would 
obviously be to follow the changes in direction and amount of incisor 
movement in the same individual. Unfortunately, only a comparatively 
few cases in our present series were amenable to treatment of this kind, 
since observations over at least a period of three years were necessary 
on a single individual. These observations, too, would have had to occur 
at the time immediately preceding loss of the deciduous teeth, and a 
year after eruption of the permanent teeth. Albeit, the question is an 
important one, and the number of cases that could be analysed in this 
fashion were culled from the material. 

Movements of the teeth have hitherto referred to the changes in 
position of their respective centers; e.g., the center of the tooth one 
year was back of this same center the year following. In the transition 
from deciduous to permanent teeth, however, there is of course a change 
in tooth dimensions. A consequence of this difference in the incisors 
has already been intimated. To further illustrate the implications of 
this change in tooth size of the incisors, the permanent centrals are 
on the average 2.0 mm. larger labio-lingually” at the neck than their 
deciduous predecessors. Hence, should the center of the permanent 
tooth fall directly over the center of the deciduous incisor, the labial 
surface of the permanent would still extend I.0 mm. beyond the labial 
surface of the deciduous tooth. Likewise, the lingual surface of the 
permanent tooth, under these circumstances, would extend farther back 
1.0 mm. than the lingual surface of the deciduous. 

In view of this difference between the sizes of deciduous and per- 
manent incisors, it was felt the picture might be clarified should the 
labial surface, instead of the centers, be taken as landmarks from which 
to note changes in position between the two types of teeth. This was 
done in the following simple manner. If the centers of the permanent 


*Black, G. V., Descriptive Anatomy of the Human Teeth. 4th ed., 1902, 
Philadelphia. 
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median incisors fell 0.5 mm. behind the centers of their deciduous pre- 
decessors, the labial surface of the former was 0.5 mm. in front of the 
labial surface of the corresponding ‘deciduous teeth. For, if the centers 
of the two teeth had coincided, and because of the difference in size, the 
labial edge of the permanent would have been 1.0 mm. in front of the de- 
ciduous teeth. Again, with the centers of the permanent median incisors 
2.0 mm. back of the deciduous, its labial surface would be back 1.0 mm. 
in relation to the labial surface of the latter. 

The average labio-lingual diameters, taken at the neck of the tooth, 
of temporary and permanent incisors, were culled from Black, and are 
given in Table 8. 


TABLE 8 


Average Labio-lingual Diameters at Necks of Deciduous and 
Permanent Incisors (from Black’s Dental Anatomy) 





LOWER 


Centrals Laterals 
(mm.) (mm.) 








4.0 4.0 


Permanent ’ Y 6.0 6.4 





Several cases with space retainers were added to raise the number 
of observations. The space retainers were in the molar region and it 
was considered very unlikely that they could have any appreciable in- 
fluence on the movements in the incisor region. 

In Table 9 are given the incidence and average amount of antero- 
posterior movement (1) between the centers of the deciduous and im- 
mediately erupted permanent incisors; (2) between the centers of the 
immediately erupted permanent incisors and these same incisors a year 
after eruption; (3) between the labial surfaces of the deciduous and 
immediately erupted permanent incisors; and (4) the total amount of 
change (average) between the labial surfaces of the deciduous and 
permanent incisors, a year after eruption of the latter. It will be re- 
membered that in any given category, e.g., upper median incisors in 
normal occlusion, the observations from deciduous to permanent teeth 
a year after eruption, were obtained on the same individual. 





MOVEMENTS OF TEETH 
TABLE 9 


Position of Permanent Incisors in Relation to Their 
Deciduous Predecessors 





NORMAL OCCLUSION MALOCCLUSION 
Forward Backward None Forward Backward None 


its 





MOVEMENT 





3 di 


Cc} 
a 





Tooth 
Centers 


Labial 
Edges 
Lower Median Incisors 


Tooth 2 O55 I 0.83 
Centers 0.95 2 085 


Labial 0.88 5 0.42 
Edges 1.18 I 0.70 
Upper Lateral Incisors 


Tooth 0.10 3 0.60 
Centers 0.25 2 0.40 


Labial 0.46 I 0.70 
Edges 0.23 I 0.30 
Lower Lateral Incisors 


Tooth 0.10 115 4 0.66 
Centers 0.28 0.36 #41 0.60 


Labial 0.97 Ree cs 0.84 
Edges 1.07 2. @48- «. 0.96 





D-P’—Deciduous to erupted permanent teeth 
P*-P*_Erupted permanent to permanent a year after eruption 
D-P*—Deciduous to permanent a year after eruption 
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The results are both interesting and instructive. Considering move- 
ments according to centers of teeth first, it is seen that the predominating 
tendency, as observed before, is for the permanent incisors to erupt 
back of their deciduous predecessors; one exception occurs, namely, 
the upper lateral incisors in malocclusion, which evince a somewhat 
greater incidence of forward movement. The year following eruption 
of the permanent incisors, however, the direction of movement is largely 
reversed, as was indicated in the preceding data. In short, the per- 
manent incisors at eruption do not remain stable, but within a year after 
eruption have manifested appreciable movement and in the forward 
direction. 

The pieture becomes quite changed when the data are analysed ac- 
cording to labial surfaces of the respective teeth. Consistently and pre- 
dominantly the labial surfaces of the erupted permanent incisors are 
now in front of the labial surfaces of the corresponding deciduous teeth. 

What may perhaps be of greater significance are the differences 
in amounts of change in cases with normal occlusion and malocclusion, 
and between the upper and lower teeth. We note that in normal oc- 
clusion the lower incisors move somewhat more extensively forward 
than do the same teeth of the upper arch. In other words, there is 
the obvious suggestion that the horizontal overbite or space between 
the upper and lower teeth, in normal occlusion, has diminished in the 
transition from deciduous to permanent incisors. 

In malocclusion the direct converse is discernible. Here the upper 
teeth have gone forward appreciably more extensively than have the 
lower teeth, in consequence of which the horizontal overbite, or relative 
protrusion of the upper arch, is now perceptibly greater than could 
have been in the deciduous dentition. 

Finally there are the total average changes in position between the 
labial surfaces of the deciduous incisors and those of the permanent 
teeth a year after eruption. The amounts are seen to be appreciable. 
The prevailing direction has been the forward. And herein also, with 
a single exception, namely, the lateral incisors in malocclusion, there 
is a marked tendency for upper and lower incisors to converge in normal 
occlusion, and to diverge in malocclusion, likewise the result of dif- 
ferential amounts of forward movements. It may be mentioned that 
this difference between proper and malocclusion in total movement was 
also observed when the data, the same as utilized in the above, were 
tabulated according to centers of teeth. 
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Another point should be recognized. The eruption of the labial 
surface of the permanent central incisor, on the average 0.78 mm. in 
front of the like surface of its deciduous predecessor in normal oc- 
clusion (table 9), means that the lingual surface of the permanent tooth 
is 1.22 mm. back of the lingual surface of the deciduous incisor. Con- 
sidering the lingual surface, therefore, the permanent teeth still are 
usually back of the deciduous. As already observed, what is meant 
by erupting in front of or in back of is essentially a matter of definition. 

The question may arise whether certain forms of malocclusion would 
not preclude movements as depicted above. It is well known, for ex- 
ample, that the type of malocclusion where lower incisors protrude 
horizontally beyond those of the upper, may and often does remain 
virtually unchanged throughout the life of the individual. Indeed, it 
would obviously be highly desirable in these cases for the upper in- 
cisors to move forward relatively more than the lower. 

The practice of including all types of malocclusion in one single 
classification undeniably tends to obscure the situation. Assuredly, 
it is not likely, to say the least, that growth changes are occurring in 
the alveolar arches of an individual with markedly horizontally pro- 
truding upper teeth similar to those in an individual with excessively 
protruding lower teeth. Yet such has hitherto been the usual manner 
of presentation of data. This situation has probably been due to the 
fact that the series previously observed were usually very small, besides 
which the latter-mentioned type of malocclusion is a relatively rare one. 

In the present instance, too, there were only a few cases with “under- 
shot” jaws, so few that it was considered impracticable to segregate 
them for separate observation, especially when dealing with averages. 
One such case, however, occurs in our small series depicting the changes 
between deciduous and permanent incisors in the same individual. It 
is an exceptionally instructive case, and will therefore be described in 
some detail. The movements, occurring between ages 6 and 9 years, 
inclusive, were as follows: 


(1) Labial surfaces of permanent upper central incisors were in 
front 3.3 mm. of labial surfaces of deciduous predecessors (first two 
years, deciduous teeth present; latter two years, permanent). 

(2) Labial surfaces of permanent lower central incisors were back 
1.5 mm. of labial surfaces of deciduous predecessors (first year, de- 
ciduous teeth present; latter three years, permanent). 
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(3) Labial surfaces of permanent upper lateral incisors were in 
front 0.7 mm. of the labial surfaces of their deciduous predecessors 
(three years, deciduous teeth ; one year, permanent). 

(4) Labial surfaces of permanent lower lateral incisors were 0.6 
mm. back of the labial surfaces of their deciduous predecessors (first 
year, deciduous; second year deciduous lost but permanent not yet 
erupted ; latter two years, permanent). 

Now, these figures could only mean that the malocclusion was be- 
coming radically changed, and for the better. In figure 6 are given 
photographs of the child’s dentition taken at 6 years 5 months and 9 
years 5 months, respectively. A remarkable improvement in occlusion 
is clearly discernible, and precisely in the manner suggested by the 
tabular data. It is to be remembered that the child had received no 
orthodontic treatment whatever. 

This correspondence between data and actually perceived occlusal 
relationships seems to us additional support for the general methodology. 

The maximum movements or changes in position between the re- 
spective labial surfaces of deciduous and permanent teeth, the latter 
a year after eruption, are given in table 10. Each maximum represents 


the total change in a single individual. 


TABLE 10 


Maximum Single Movements Between the Labial Surfaces of Deciduous 
and Permanent Incisors One Year after Eruption 








Laterals 
F. B. 


OCCLUSION 








millimeters 
Normal 2.3 0.5 0.5 0.3 2.3 0.7 1.5 0.7 
Abnormal 2.7 0.6 1.3 0.1 2.0 0.3 1.9 1.0 





It is to be understood, of course, that proximodistal changes in 
position of the teeth are undoubtedly accompanied by changes in the 
widths of the arches, and may, indeed, merely be the result of such 
lateral growth. 





Fic. 6. Dentrat Casts or Case 88, Girt, INDICATING CHANGES IN THE AL- 
VEOLAR REGIONS AND OccLusion; THERE Was No OrtHopontic TREATMENT 


A—6 yrs. 5 Mos., B—o YRS. 5 MOS. 
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In conclusion we would like to make clear that the proposed method 
of determining anteroposterior movements of the teeth, and the results 
it disclosed in the material at our disposal, are given merely as another 
possible way of clarifying an admittedly difficult problem. Both method- 
ology and conclusions assuredly require careful and critical verification. 
It is hoped that our presentation, if it shall have done nothing else, will 
have stimulated such studies, which cannot but contribute to the elucid- 
ation of this important problem. 


SUMMARY 


A new method is suggested for determining anteroposterior move- 
ments of the teeth in the alveolar arches proper. This method consists 
simply of projecting orthographically, at the gingival margins, the denti- 
tions from plaster casts. Next are located the centers of the respective 
tooth areas, easily ascertained with the aid of a compass. With these 
centers representing the teeth in the denture as foci, the geometrical 
center and axis of least asymmetry of the dental arches are plotted. 

The dental casts taken at various ages on the same individual are 
related by means of this arch center and axis. Changes in position be- 
tween the centers of corresponding teeth in these superimpositions in- 
dicate the direction and extent of movements. An experimental attempt 
to verify the method is described. 

Observations were obtained on the dentitions of 183 children be- 
tween the ages of 2 to 10 years. Casts were taken at yearly intervals, 
over a span of 2 to 6 years. The data were treated according to age, 
movements of the individual teeth in upper and lower arches, deciduous 
and permanent teeth, and normal and abnormal occlusion. 

The results of the study were: 


1. Movements of the deciduous teeth are not confined to one direc- 
tion: both anterior and posterior shifts occurred. 

2. A generally greater tendency toward backward movement was ap- 
parent in the early years (about 2 to 7 years), after which the trend 
became forward. The first permanent molars, especially of the lower 
arch, manifested a greater tendency toward anterior shifts throughout. 

3. Among all the teeth a substantial percentage of cases manifested 
practically no movement within a single age interval. It is, however, 
considered hardly likely that any tooth remains absolutely stable over a 
span of several years, especially during the period of alveolar and facial 
growth. 
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4. The teeth in malocclusion generally appear more susceptible, and 
in larger average amounts, to anteroposterior movements than do the 
teeth in normal occlusion. 

5. The greatest amount of movement or changes in position of the 
teeth occurred in the incisors during the transition from deciduous to 
permanent teeth. 

6. The labial edges of the permanent incisors were found to erupt 
appreciably in front of the labial surfaces of their deciduous predeces- 
sors. However, because of the greater labio-lingual size of the former, 
their lingual surfaces also extended considerably beyond those of the 
deciduous teeth. 

7. In the transition between deciduous and permanent incisors in 
normal occlusion the labial surfaces of the lower incisors were forward 
somewhat more extensively than the upper teeth, implying thereby a 
diminution of horizontal overbite at this time. Conversely, in maloc- 
clusion the labial surfaces of the upper incisors had shifted forward 
an appreciably greater extent than the lower, a consequence of which 
must be an increased horizontal protrusion of the upper teeth in re- 
lation to the lower. 
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PHYSICAL DEVELOPMENT IN RELATION TO 
MENARCHEAL AGE IN UNIVERSITY WOMEN!’ 


BY ROGER G. BARKER AND CALVIN P. STONE 


Department of Psychology, Stanford University 





SAN CONNECTION with a study (14) of the relation of 

| age at the menarche to intelligence and personality traits 

in college and university women, the authors demonstrated 

: ==) the presence of low but significant correlations between 

menarcheal age and height, weight, and ht./wt. ratio. These relation- 

ships and also those between chronological age and physical growth 

have been studied further in university women of the ages 17 to 21 
and the results will be presented in the following paper. 

Our data consist of measurements of height, weight, bi-iliac di- 
ameter, and chest-width at the level of the nipple. Height and weight 
measurements were obtained for 1290 individuals. Of this number, 
remeasurements of height and weight were completed on 1134 of these 
same individuals after the lapse of one year, and on 446 after the 
lapse of two years. Table 1 gives the number of individuals measured 
and remeasured at each chronological age from 17 to 21, inclusive. No 
chest and hip remeasurements were made. 

Most of the data except width measurements were taken from the 
students’ health cards on file in the Department of Physical Education 
for Women, where the height and weight of each freshman and soph- 
omore student along with other data of importance to the depart- 
ment are recorded at the beginning of the school year, or at the time 


*Financial support of this study was provided by a grant from the Com- 
mittee for Research on Sex Problems, National Research Council. 

The authors gratefully acknowledge their indebtedness to Dr. Dorothy H. 
Heilman, Director of Physical Education for Women, Stanford University, for 
permission to assemble data from the department of physical education. All 
of the data pertain to women students enrolled between the years 1924 and 1034. 
Code numbers were substituted for names by a member of the physical edu- 
cation staff in order to conceal the identities of all individuals to whom these 
data pertain. 
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TABLE 1 


Number of Subjects at each Chronological Age for whom 
Measurements of Height, Weight and Width (Bi-iliac, 
Chest) and Remeasurements of Height and 
W eight were Obtained 





HEIGHT AND WEIGHT 





CHRONO- 
LOGICAL 
AGE 


AT AGE SPECIFIED 
AT AGE SPECIFIED 
REMEASUREMENTS AFTER 
I YEAR INTERVAL 
REMEASUREMENTS AFTER 
2 YEAR INTERVAL 


NUMBER FIRST MEASURED 
TOTAL NUMBER MEASURED 





3 





TOTAL 1290 





* 784, in the case of weight 
* 717, in the case of weight 


of matriculation, if that occurs at some other time. For the most 
part, the data on the junior and senior classes were obtained in the 
autumn quarter of 1934 when, at our request, physical measurements 
were made on all undergraduate women. For approximately 16 per 
cent of the cases, one or more records of height and weight were 
obtained from colleges or universities attended prior to entering Stan- 
ford. These were used only when height and weight measurements 
for the same individual were on file at Stanford University. The 
chest and hip measurements were made by a trained assistant in the 
autumn quarter of 1934. The age at the time of the first menses 
(menarcheal age) was obtained by the Department of Physical Edu- 
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cation as one item of a comprehensive health questionnaire filled out 
by the student at or near the time of matriculation. 


ACCURACY OF THE DATA 


Owing to the fact that the height and weight measures were made 
over a series of years, by different technicians, and sometimes with 
different instruments, the reliability of our data may be considerably 
below that which would have obtained if a single technician, using 
the same instruments, had made all of the measurements. We have 
no evidence, however, that a systematic bias relative to any of the 
variables of this investigation has operated. Probably, therefore, the 
unreliability of our data operates only to make the obtained variabil- 
ity exceed the true variability. To the extent that this is true, the 
obtained correlations will be correspondingly lower than the true cor- 
relations, and the obtained differences will be correspondingly less 
significant than the true differences. 

The accuracy of the menarcheal ages as reported by young adults, 
who for the most part have kept no calendar records, is a matter for 
conjecture as has been suggested by previous authors (4). We have, 
however, a bit of evidence on the consistency of testimony with res- 
pect to menarcheal age. When requesting height-weight data from 
institutions previously attended by our subjects, we also asked for the 
age at the menarche, if it had been recorded on the student’s card. 
This datum was given for 116 cases. Subsequently these students 
gave information on this point when completing the health question- 
naire at Stanford. Thus we obtained two reports on menarcheal age 
with intervals ranging from one to six years. Of the 116 cases, a 
discrepancy of 2 years was found in four instances, and a discrep- 
ancy of I year in 36 instances. No doubt some of the one-year dis- 
crepancies are not genuine errors of testimony but are to be ascribed 
to the fact that certain students took their last birthday as a basis of 
reckoning at one time and their nearest birthday at another. The cor- 
relation found between menarcheal ages reported on the two occasions 
is .84. This indicates that there is a very considerable degree of 
consistency of report as to menarcheal age. Obviously this evidence 
is in the right direction but, regrettably, it does not tell us whether 
the reported ages are correct. 
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PROCEDURE FOR DISTRIBUTING MEASUREMENTS 
WITH RESPECT TO AGE-CATEGORIES 


The ages at which measurements or remeasurements were made 
varied widely with respect to the subjects’ birthdays, hence it was 
necessary to adopt an arbitrary policy for the ‘assignment of each 
measurement to a special age interval. We assigned to a given age- 
group any measurement that was made within an interval of 6 months 
preceding and 6 months following the birth date. For example, the 
age 17 included all cases measured between 16 years and 7 months and 
17 years and 6 months, the year 17 being the mid-point of this age 
range. 

Although the majority of remeasurements followed previous meas- 
urements by an interval of I or 2 years there were some instances in 
which one or both of the successive measurements only roughly ap- 
proximated these intervals. When the interval fell short of 8 months 
we used only one of the measurements, namely, the one that was 
nearest the subject’s birthday. To be counted as a one year interval 
the elapsed time could not exceed 16 months. To be counted as a 
two year interval the elapsed time had to fall between the limits of 
20 and 28 months. The means of the one and the two year intervals 
are, respectively, 11.5 and 23 months. 

The available records on menarcheal age do not allow us to deter- 
mine the actual age intervals used by the women when recording their 
menarcheal ages. The health questionnaire merely asks for the age 
when first menstruation began, and an integer denoting the year 
of age was given in answer. There was no way of distinguishing those 
subjects who gave the menarcheal age as that of the birthday preced- 
ing from those who gave it as that of the birthday nearest to the on- 
set of the menses. 


ANNUAL AND BIENNIAL GROWTH INCREMENTS 


Only rarely have consecutive measurements of college or univer- 
sity women been reported in the literature of this subject. For the 
most part, studies of the relations between chronological age and phys- 
ique have dealt with independent samplings of the college population 
at each age. When our data are analysed in this way we obtain the 
results presented in tables 2 (upper part) and 3, to which each subject 
contributes but one set of measurements. When two or more annual 
measurements were available for a given subject, we used only the 
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first of these in the present calculations. With but few exceptions 
the subjects distributed in the 17 and 18 year brackets were Fresh- 
men. A large number of the 19, 20, and 21 year old women were first 
measured at Stanford in their sophomore, junior, or senior years, hay- 
ing previously attended some other institution. 


TABLE 2 


Height and Weight Data for Women Students 
at Stanford University 





HEIGHT (inches) 


WEIGHT (pounds) 





Mean 


S. Dim 


S. D.aist. 


Mean 


S. Diy 


S. D.aist. 





18 
19 
20 
21 


(Independent samples at each age; no remeasurements) 


331 64.75 
553 64.71 
263 64.72 
94 64.63 
49 64.54 


331 64.75 
783 64.72 
718 64.80 
474 64.82 


-090 
.08 
.08 
1.05 


1.69 
2.19 
2.26 
2.28 


2.37 


1.69 
2.19 
2.26 
2.28 
2.38 


124.85 
123.05 


123.24 
120.90 
125.56 


124.85 


124.03 
125.10 


123.89 


122.93 


85 
65 
.98 
1.41 
2.80 


86 
55 
.60 
.70 
1.07 


15.72 
15.31 
15.84 
13.70 
19.58 


(All available measurements at each age; successive samples included) 


15.72 
15.52 
16.02 
15.17 
15-47 


210 64.61 1.63 





The statistical constants for the non-successive height and weight 
data are given in the upper part of table 2. It will be noted that there 
is no consistent change in mean height from age to age, and that all 
differences are small in amount. None of the differences are of statisti- 
cal significance. The mean weights, likewise, show no consistent re- 
lation to chronological age. At the age of 20 years the mean weight 
is somewhat lower than one would have expected from the trend of 
the preceding and following means. We have no way of determining 
whether this drop in weight at 20 years is to be ascribed to selective 
factors that have operated in determining the constituents of our pop- 
ulations or whether it is merely a chance fluctuation that approaches 
statistical significance. 
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TABLE 3 


Chest Widths and Bi-iliac Diameters of the Women Students 
at Stanford University. 


Independent Samples at Each Age 











CHEST WIDTH BI-ILIAC DIAMETER 
i N (centimeters) (centimeters) 

Mean S.D.,, S-.D-aise. Mean S$.D., S.Duane 
17 52 25.04 .19 1.35 27.90 17 1.24 
18 193 25.38 10 1.41 27.95 II 1.55 
19 182 25.27 .10 1.36 27.88 AI 1.46 
20 153 25.63 BY 1.42 28.04 13 1.59 . 
21 88 25.53 13 1.27 27.81 17 1.55 





Referring to table 3, it may be seen that there is no significant or 
consistent relationship between mean bi-iliac diameter and chronolog- 
ical age. Also, with respect to mean chest width there is no consistent 
relationship running through the age ranges, although the difference 
at 17 and Ig years is 3.12 times its standard error. No satisfactory 
explanation of the latter difference has been found. 

The foregoing results on height and weight conform in a general 
way with results from independent samplings reported by other in- 
vestigators (1, 3, 6, 7, 8). They give no evidence that college women 
of the ages of 17 and 18 have not completed their growth, as certain 
investigators have concluded (1, 3), but as we shall show, these are 
not the kinds of data from which a positive conclusion to this effect 
can be drawn. 

The statistical constants for consecutive measurements will be 
found in tables 4 and 5. Here the mean heights and weights at the 
time of the original measurement and at the time of the remeasure- 
ment after the lapse of one and of two years are given for each group. 
The one and two year increments and the measures of variability and 
significance are included. 

In the case of height it will be noted that there is a small, signifi- 
cant, mean annual increment for consecutive ages from 17 to 20 years. 
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TABLE 4 


Mean Increments in Height, Based Upon Consecutive 
Measurements of the Same Individuals 








& 
HEIGHT AT HEIGHT AT Z 
, = INCRE. 
MEASURED WN YOUNGER AGE OLDER AGE r* F 
AT F 
Mean SD. Mean SD. 5 S-Dunere. 
_— 





17&18 224 64.603 1.418 64.763 2.175 .979 -160 28 
18 & 19 435 64.6908 2.125 64.853 2.203 .968 155 5.9 
19&20 339 64.807 2.288 648098 2.311 .982 oo! 3.8 
20 & 21 136 64.426 2.338 64.441 2.204 .984 O15 0.4 


17&19 132 64.462 1.612 64.750 2.184 .965 288 4.4 
1%&20 214 64.621 2.135 64.790 2.191 953 -169 3.7 
19 & 21 100 64.620 2.261 64.740 2.410 .972 120 2.1 





* Product-moment correlations between the measures at the younger and at the 
older ages. 


The increment for the period of 20 to 21 years is not statistically sig- 
nificant. The biennial increments for the 17 to 20 year period are 
greater in absolute amount and also are clearly significant. As is in- 
ferred’ from these data the total average increment for the four year 
period, 17 to 21, amounts to approximately .4 inches. 

Significant mean annual increments in weight are also indicated by 
the consecutive measures between the ages of17 and Ig years; signifi- 
cant biennial increments occur between the ages of 17 and 20 years. 
For the four year period, 17—21, the estimated* total increment in 
weight is 5.75 pounds. 


The foregoing data which show a continuous, annual increase in the mean 
height and weight of Stanford women are corroborated by three similar studies 
that have come to our attention. Baldwin (2) reported four consecutive, an- 
nual mean heights and weights for 80 Swarthmore girls. His data are given in 


*The legitimacy of inferring the average four-year increment from the sep- 
arate annual increments is based upon the assumption that while there has been 
selection in respect to the heights of the individuals measured at the different 
age-pairs, there has been little or no selection with respect to average, annual 
growth increments. 
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TABLE 5 


Mean increments in Weight, Based Upon Consecutive 
Measurements of the Same Individuals 














WEIGHT AT WEIGHT AT & 

‘ — . e YOUNGER AGE OLDER AGE > . Tea 
” Mean SD. Men SD. 6 S-D-snere. 

17&18 224 124.175 15.671 126.605 15.823 919 2.430 5.8 

%W&19 436 124.060 15.892 126.065 16.031 923 2.005 6.6 

19&20 339 124.300 15.798 124.800 15.802 929 0.500 1.5 

20&2I 135 121.020 13.001 121.835 13.979 915 0.815 1.7 

17&19 132 123.370 16.173 126.170 16.868 803 2.800 4.2 

18&20 210 121.855 15.359 124.355 15.522 910 2.500 5.5 

19&2I 100 121.700 13.282 122.800 14.283 913 ‘1.100 1.9 





* Product-moment correlations between the measures at the younger and at the 


older ages. 


table 6. Apparently age was not taken into account in combining the data 
Since no measures of variability are given at the different college years, we 
are unable to determine whether these apparent increments from class to class 











e are statistically significant. The mean increment in height from the freshman 
" to the senior year is .49 inches, and the mean increment in weight for the same 
C period is 4.66 pounds. On the whole, the findings conform to those reported by 
us in the present paper. 

y TABLE 6 
\ Increments in Height and Weight 
. (Previous Publications) 

BALDWIN (2) GOULD (7) YOUNG (16) 
; SWARTHMORE COLLEGE NEWCOMB COLLEGE PHYSICAL CULTURE 
J N 80 N 875 (ht), 866(wt) COLLEGE N 50 
Class Height Weight MeanAge Height Weight Age Height 
; Fr, 62.82 116.75 17.5 63.33 115.49 18.0-18.9 64.31 
t So. 63.01 120.50 18.5 63.50 116.99 19.0-19.9 64.49 
1 Jr. 63.12 120.90 19.5 63.60 117.46 20.0-20.9 64.61 

Sr. 63.31 121.41 20.5 C5G5 25700 savvcess 
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Data recently reported by Gould (7) on 875 Newcomb College women include 
height and weight measurements of all women who were in residence for four 
consecutive years between 1909 and 1929. The chronological ages are not dealt 
with separately, so that at each of the designated college years considerable 
variation in age occurs. These data are given in table 6. In testing the significance 
of the mean increment from the freshman to the senior years two estimates 
have to be made in lieu of the exact data required. The standard deviations of 
the distributions of the measures for the freshman and senior years are not 
given; however, the standard deviations of the distributions of 1247 freshman 
heights and weights of Newcomb College women are given and but little error 
will result if these values be used. Also the correlation between measurements 
at the freshman and senior years is lacking. There is a basis for estimating 
this correlation in our data reported in tables 4 and 5 above. We found a cor- 
relation of approximately .95 between the heights of Stanford women taken two 
years apart and a correlation of approximately .o9o for weights. It would ap- 
pear that an allowance of ten points for decrement in the correlation for the 
two added years should be a generous allowance. Using the estimated values 
for the S.D.’s and the correlation, we may say that the mean height incre- 
ment of .30 inches between the freshman and senior years is 7.1 times its standard 
error. In the case of weight, the increment of 2.17 pounds is 6.8 times its standard 
error. If we are yet more conservative and assume correlations between fresh- 
man and senior measures of only .75 and .70 in the case of height and weight, 
respectively, the critical ratios amount to 4.8 for height and 5.5 for weight. 
Hence it is apparent that there was a significant mean increment in both height 
and weight between the freshman and senior years at Newcomb College. 

A third study bearing upon the present inquiry is that of Young (16) who 
reported three annual measurements of height on 50 girls attending the College 
of Physical Training (London). His data are given in table 6. Young found 
an increment of .30 of an inch between the years 18.5 and 20.5, but concluded 
that the difference was not significant. Apparently he did not include the cor- 
relational factor (9, p. 182) in testing for the significance of the difference. As- 
suming that there is as high a correlation between successive measurements as was 
found in our own data, (see tables 4 and 5) we are justified in correcting for 
this omission. Assuming the value of the correlation between height at 18.5 
and 20.5 years to be .95, we find that the increment in height in this two-year 
period is 4.8 times its standard error. Thus it appears that, when correctly 
analysed, Young’s data support the hypothesis that there is a mean increment in 
height and weight of college women of the ages herein considered. 


The growth curves derived from these studies and those inferred 
from our own are shown in figure 1. In the case of height it is 
readily seen that the forms of the curves from our data and from 
Young’s and Gould’s are very similar. The curve from Baldwin's 
data lacks the characteristic negative acceleration of the others. The 
slopes of the curves, indicating the rate of growth at each age, appear 
to be very similar in all cases. 
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Fic. 1. GrowtH Curves ror MEAN HEIGHT AND WEIGHT oF COLLEGE WoMEN 


(Baldwin’s data pertain to Freshman, Sophomore, Junior, and Senior classes. Ages 
were not given. We have arbitrarily assigned the ages 17-20 to these class groups.) 


The forms of the curves showing mean growth in weight are simi- 
lar for all the studies, but the rate of growth inferred from our data 
is somewhat greater than that indicated by the others. 

On the basis of the accumulated evidence it appears certain that, 
on the average, growth in height and weight continues at a decreasing 
tate throughout the college years. The age at which mean growth 
ceases altogether cannot be stated, but it appears to be at an age beyond 
20 years. The reason that studies based upon independent samples of 
the female college population at different ages fail to reveal this growth 
is undoubtedly the differential selection with respect to the physique 
of college women of different ages. This was suggested by Jackson 
in 1928 when by this method he failed to find evidence of growth on 
college women. He said, “The most probable explanation is that 
younger college entrants represent a group precocious physically as 
well as mentally” (8, p. 390). Although the correlation between mental 
and physical precocity is known to be low (12), the young college en- 
trants are selected not only for mental achievement, but also for eco- 
nomic advantages and good health, both of which undoubtedly are 
positively correlated with physique. 
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RELATIONS BETWEEN MENARCHEAL AGE AND 
PHYSICAL MEASUREMENTS 


The percentage distributions of menarcheal age frequencies to- 
gether with the means and standard deviations of these distributions 
are given in table 7. In interpreting these distributions the reader 
should keep in mind the indeterminate menarcheal age intervals previously 
discussed in this paper. When calculating the mean ages of the men- 
arches given in table 7, we used the mid-values between successive years, 
e.g. 9.5, 10.5, 11.5.... 17.5. These values may be somewhat too large. 
If so, the reported means are slightly too high, but the errors, if any, 
are on the side of conservatism. 


TABLE 7 


Menarcheal Age of Students at Stanford University. 
Independent Samplings at Each Age 





PERCENTAGE DISTRIBUTION 
Cie ote MENARCHEAL AGES MEAN  5.D, 





9 10 II 12 13 14 15 16 17 





17. 331 03 412 4154 308 323 4114.5 48 06 00 13.09 1.14 
1% 553 02 O07 128 269 336 175 58 22 04 13.31 41.22 
19 263 0.0 04 O01 20.7 304 21.3 68 23 04 13.44 1.20 
20 94 00 LI 53 265 330 25 23 32 33 1350 134 
21 49 00 00 102 306 326 184 61 20 00 1336 LII 





For the present data there appears to be a small but significant in- 
crease in mean menarcheal age that is associated with increasing chron- 
ological age between the years 17 and 20. The correlation between 
menarcheal age and chronological age for the entire age range (17—21) 
is .105 +.019. This coefficient is similar in sign, in magnitude, and 
in significance to others heretofore reported (14, 15) for college and 
university women. 


Relations Between Menarcheal Age and Height 


The best estimates afforded by our data of the relationships be- 
tween menarcheal age and height at the chronological ages involved in 
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this study are indicated by the correlational constants of the lower 
half of table 8. These constants were computed from all of the data 
available at each age. At ages 18, 19, and 20 years the correlation 
coefficients are .127, .138, and .169, respectively. In each case they 
are over 3.5 times their standard errors. At ages 17 and 21 the co- 
efficients are of similar sign, but are of less certain significance. 


TABLE 8 


Correlation Between Menarcheal Age and Height and 
Regression of Height Upon Menarcheal Age 





C. A. N r S. Dip b S. Dep 





Independent samples at each age; no remeasurements* 


17 331 057 055 .084 081 
18 553 -162 .041 .293 .076 
19 263 -II9 .061 .222 114 
20 04 -184 .099 .320 177 
21 49 273 .132 622 312 
All available measurements at each age; successive samples included’ 
17 331 .057 055 .084 081 
18 783 .127 035 .233 .065 
19 718 .138 .037 258 .068 
20 474 169 045 .305 .082 
21 210 157 .067 .297 -129 





Inasmuch as many of the subjects were measured at more than one 
age, each constant does not represent a completely independent esti- 
mate of the relation between menarcheal age and height. Therefore the 
fact that the different age groups confirm each other in indicating a 
low positive relationship should not be given undue weight. None the 
less, for each particular age they do represent the best available esti- 
mate of the true relationship. 


*Constants of the height and weight distributions will be found in the upper 
part of table 2; constants for the menarcheal age distributions will be found in 
table 7. 

‘Constants of the height and weight distributions will be found in the lower 
part of table 2; approximated constants for the menarcheal age distributions will 
be found in table 7. 
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When the chronological age variate is eliminated by the partial 
correlation technique®, we obtain a correlation of .138 (standard error: 
.027) and a regression coefficient of .241 (standard error: .048) for 
menarcheal age and height. 

In the upper half of table 8, correlation and regression coeffici- 
ents involving completely independent samples of Stanford women at 
each age are shown. These data are in complete accord with those 
mentioned above, although their significance is less certain. A single 
statistic combining these five separate estimates is given in the foot- 
note® below. 

In view of these data we must conclude that there are low but sig- 
nificant, positive relationships between the reported menarcheal ages 
and the heights of Stanford women for the chronological ages involved. 
The importance of these relationships is, perhaps, most clearly indi- 
cated by the regression coefficients of table 8, and the regression lines 
in figure 2. For illustration we will use the partial regression coef- 
ficient as the statistic that best summarizes the relationship through- 
out the age range. This coefficient indicates that for each year’s dif- 
ference in menarcheal age there is an average difference in height of 
.24 inches. The partial standard error of the mean of an array (age 
held constant) is .o8 inches for arrays differing from the mean by 
one year (9, p. 177). Therefore, the average difference in the mean 
heights of women maturing at 12 and at 14 years amounts to .48 inches 
and its standard error is .11 inches. Between women who mature at 
11 and at 15 there is an average difference of nearly an inch in height, 
an amount that is over eight times its standard error. 


°The zero-order coefficients involved in the calculation of the partial correla- 
tion are as follows: fea ma——-105, fea nt—=—.022, fma nt——.135. Linearity, as deter- 
mined by Fisher’s (5) method, is present for all variates. The chronological age 
variate, involving as it does only five class intervals, may invalidate to some extent 
the use of the product-moment correlation in this case. Because of this situation, 
a further single estimate of the correlation was obtained by a method proposed 
by Fisher (5). By this procedure the correlations at the separate ages are com- 
bined and weighted according to their variance. The only condition is that the 
data from which the separate coefficients are calculated be drawn from equally 
correlated populations. Inasmuch as this assumption is implicit in the partial 
correlation technique, the present method would appear to be as valid as the former 
method. Futhermore, evidence is presented below which indicates that there 
are no significant age differences in the correlations between menarcheal age and 
height. The correlations to be combined will be found in the upper half of 
table 8. The correlation coefficient obtained by this method is .131 and it is 
4.73 times its standard error. 
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Fic. 2. Recressions oF HEIGHT ON MENARCHEAL AGE (LerTr) AND WEIGHT 
ON MENARCHEAL AGE (RIGHT) 


The relation between reported menarcheal age and growth may 
be studied in tables 8 and 9. If the amount of growth between 17 and 
21 is related to menarcheal age in a systematic way, a systematic change 
in the height-menarcheal age correlation would be expected during 
these ages. Although the correlations of table 8, which involve sepa- 
rate samples of Stanford University women at each age, (upper half 
of table), show a slight tendency for the correlations at the earlier ages 
to be lower than those at the older ages, there is in no case a signifi- 
cant difference between a correlation at an early and one at a late 
age. The coefficients of the lower half of table 8 are based on all of 
the available data at each age; thus many subjects are represented at 
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several ages. For this reason any systematic change in the correlations 
with chronological age should be more clearly indicated here. This 
is not the case, however, for by none of the usual statistical tests are 
the differences from year to year significant. Table 9 affords a still 
more crucial test of the point in question. Here are presented the 
correlations between menarcheal age and height in the case of subjects 
measured in successive years. In the case of subjects measured at 
18 and 19 and at 20 and 21 the correlations at the older ages are the 
larger, but in the case of those measured at 17 and 18 and at 19 and 
20 the correlations at the older ages are smaller. 


TABLE 9 


Correlation Between Height and Menarcheal Age in the Case 
of Subjects Measured on Successive Years‘ 








P 3 
: . a 
MEASURED AT: N g S. D., a S. D., a 
5 E te 
- 3 5 
17& 18 224 055 067 .037 067 85 
18 & 19 435 170 047 -194 046 1.60 
19 & 20 339 .203 052 190 052 81 
20 & 21 136 148 084 168 .083 76 





In conclusion, one may say that our data give no indication that 
the amount of annual growth in height between the ages 17 and 21 
is related to the reported menarcheal age. Before generalizing on this 
point, however, one should have more knowledge than is in our pos- 
session as to possible selective factors that may have masked low cor- 
relations. 


*Constants of the height and weight distributions will be found in tables 4 
and 5, respectively; approximated constants of the menarcheal age distributions 
will be found in table 7. 

"The standard error of the difference involves a correlational factor which 
was computed from formula 129, Kelly (9). The component correlations will 
be found in tables 4 and 5. 
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Menarcheal Age and Weight 


The correlational constants which best indicate the relationships be- 
tween menarcheal age and weight are given in table 10. First meas- 
urements (upper half) as well as remeasurements after one and two 
year intervals (lower half) appear in this table. There is a strong 


TABLE to 


Correlation Between Menarcheal Age and Weight and 
Regression of Weight Upon Menarcheal Age 





C. A. N r S. D., b S. D.y 





Independent samples at each age; no remeasurements’ 


17 331 —.223 052 —3.07 73 
18 553 —.100 043 —1.25 53 
19 263 —.118 .061 —1.55 80 
20 04 —.099 -102 —I1.01 1.04 
21 49 +.129 140 +2.21 2.40 


All available measurements; successive measures included‘ 


17 331 —223 052 —3.07 73 
18 784 —.1II .035 —1.44 46 
19 717 —.076 .037 —0.99 48 
20 474 —.010 .046 —0.12 55 
21 210 +.018 .069 +0.22 90 





suggestion of a decreasing negative correlation with increasing chron- 
ological age. The trend is consistent throughout the table. The sig- 
nificance of this change is indicated by the differences between the cor- 
relations at 17 and at 21 years of age. For the independent samples 
this difference is 2.4 times its standard error; for all of the available 
measures the difference is 2.8 times its standard error. 

In table 11, the correlations for subjects on whom annual succes- 
sive measures were available are contrasted. These coefficients con- 
firm the suggestion of a progressive change in the relationship between 
weight and menarcheal age between the ages of 17 and 21. This change 
in the weight-menarcheal age relationship is strikingly illustrated by 
the regression lines of figure 2. The nature of the change, briefly 
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stated, is as follows: at the age of 17, the early maturing girls are 
heavier, on the average, than the late maturing girls; but in the follow- 
ing years the difference diminishes progressively until at 20 and 21 
years of age it has disappeared entirely. As might be expected, there 
is a small positive correlation between menarcheal age and the weight 


TABLE 11 


Correlation Between Weight and Menarcheal Age 
for Subjects Measured on Successive Years‘ 








Se - ; 
Py a 
MEASURED AT: N S. D., . S. Du, a 
: : ; 
Ya nag a 
17&18 224 —.19I .064 —.126 .066 2.2 
18 & 19 436 —.068 .048 —.025 .048 2.0 
19 & 20 339 —.004 054 +.032 054 1.2 
20 & 21 135 +.001 .086 +.013 .086 0.3 





increment, as shown in table 12. All of these coefficients are small, 
but they are consistent as to sign and those for the years 17-18 and 
18-19 clearly approach statistical significance. They support the hy- 
pothesis that the late maturing girls continue to increase in weight 
slightly more rapidly than the early maturing girls. Lack of corre- 
lation at the ages 19 to 21 may be due, in the present instance, to the 
fact that more precise, and possibly repeated, measures would be neces- 
sary to reveal true relationships when all of the increments are so small. 


Differences in the Height-Menarcheal age and the Weight- 
Menarcheal age Relations 


The differences between the height-menarcheal age and the weight- 
menarcheal age relationships are clearly indicated by the regression 
lines of figure 2. In table 13 the correlations are brought together for 
comparison. In every instance, save possibly for the age of 21, there 
is a significant difference in the magnitudes of the coefficients. These 
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differences in relationship, together with the fact that height and weight 
are themselves positively correlated, make the meaning of the fore- 
going simple correlations between menarcheal age and the measures of 
height and weight somewhat ambiguous. Because of this ambiguity we 
should like to know the relationship between menarcheal age and height 
and weight in groups of subjects who are homogeneous for the dependent 
variable (height or weight) that is not involved. These relationships 
have been estimated by means of partial correlations which are given 
in table 14. All of the relationships revealed by the previous analyses 


TABLE 12 


Inferred Correlation Between Menarcheal Age 
and Increment in Weight* 





INCREMENT BETWEEN 





S. D. 

AGES ~ 
17 & 18 .157 .065 
18& 19 III .047 
19 & 20 .068 .054 
20 & 21 .030 .086 





*The formula from which these correlations were computed is as follows: 
T,.¢,¢. — 7.0 C6 





ae az aa ay ay -_ = wei 
'e(2—-y) =, Fee Se oe , where a = menarcheal age, s = weight 
eV % y wy oy 


at the older age, and y = weight at the younger age. The component correlations 
will be found in table 11. We are indebted to Dr. Q. McNemar for calling our 
attention to this procedure. 


are verified by this more refined technique, and the significance of the 
correlations is enhanced. The correlations between menarcheal age 
and height, with weight constant, are all positive and range from 2.5 
to 6 times their standard errors. They undoubtedly represent true 
relations and there is no evidence that the relation changes with age. 
In the case of menarcheal age and weight, with height held constant, 
we again find a systematic change from a highly significant negative 
correlation at 17 years to a zero correlation at 21 years. 
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Menarcheal Age and Bi-iliac Diameter 


The correlational constants for menarcheal age and bi-iliac diameter 
are shown in table 15. These constants are small in relation to their 
standard errors and vary in magnitude from age to age to such an 
extent that no conclusions as to the reality of the suggested relation- 
ships are justified. When height is held constant by partial correlation 
methods® the significance of the coefficients is enhanced but even then 
they remain very tenuous. When the effects of variation in chrono- 
logical age are eliminated, the estimated correlation is —.083 (standard 
error, .038); and when both chronological age and height are held 
constant the coefficient becomes —.134 (standard error, .038). All 
these evidences for a low negative correlation murt be considered to 
be very tentative and in need of further confirmation. 


TABLE 13 


Differences in the Correlations Between Menarcheal Age 
and Height and Weight" 











& t 

CORRELATION BETWEEN : a 

Gh N MENARCHEAL AGE AND ] Pa a 
Height Weight & a f 

a n a 
17 331 .057 —.223 .280 057 4.9 
18 783 .127 —11I .238 .037 6.4 
19 717 .138 —.076 214 .037 58 
20 474 169 —.010 179 043 4.2 
21 210 157 +.018 -139 .067 2.1 





*Fisher’s method of combining correlations is applicable in these cases be- 
cause there is no evidence of a significant difference in the correlations at the 
separate ages. Using this method, the estimated values of the correlations are 
—.106 for bi-iliac diameter, and —.064 for chest width; these values are 2.17 and 
1.79 times their standard errors, respectively. 

“The standard error of the diffierence involves a correlational factor which was 
computed from formula 129, Kelley (9). The component height-weight corre- 
lations are .416, .454, .480, .536, .518 for the successive years beginning at 17. 
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TABLE 14 
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Correlations Between Menarcheal Age and Height with Weight 


Constant (Tmo rt-wt) and Between Menarcheal Age and 


Weight and Height Constant (mo wt-ne)™* 























C..A. N Tmo ht-wt. S. Die Tmo ht-ot. S. Dir 

17 331 -169 053 —.272 048 

18 783 200 034 —.190 034 

19 717 .198 .036 —.162 .036 

20 474 .206 044 —.120 045 

21 210 173 .067 —.075 .069 

TABLE 15 
Correlational Constants for Menarcheal Age 
and Bi-iliac Diameter™ 
C. A. N r S. D., b S.D., 9 (ht.const.) s.p, 

17 52 —.112 137 —.I31 -162 —.161 135 
18 193 —.202 .069 —.274 096 —.275 .066 
19 182 +.048 074 +.058 .090 +.039 074 
20 153 —.054 081 —.071 -107 —.114 080 
21 88 —.293 .097 —.355 «124 —.380 091 





Menarcheal Age and Chest Width 


The correlational constants for menarcheal age and chest width are 
given in table 16. As in the case of hip width, there are small, neg- 
ative correlations, but they are not sufficiently significant to enable one 
to draw conclusions with certainty. The partial correlation with chron- 
ological age held constant is —.064 (standard error, .034); and with 
chronological age and height held constant it is —.094 (standard error, 
038). 


“The zero-order correlations will be found in tables 8 and 10, and in note 10 

"Constants of the bi-iliac and chest width distributions will be found in table 
3, approximated constants for the menarcheal age distributions will be found in 
table 7. 
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TABLE 16 


Correlational Constants for Menarcheal Age and Chest Width** 








C. A. N r S. Dp b S.D.,, 97 (ht.const.) s.D., 
17 52 —.056 .138 —.072 177 —.086 .138 
18 193 —.090 .071 —.112 .089 —.126 .071 
19 182 —.139 .073 —.157 .083 —.150 .073 
20 153 +.035 081 +.041 .005 +.003 .o81 
21 88 —.068 -106 —.068 -106 —.130 -106 





Menarcheal Age in Relation to Indices of Build 


We have used two ratios that, in a certain sense, may be taken as 
indices of body build: namely, the height/weight and the bi-iliac di- 
ameter/height (id/ht) ratios. Correlations between menarcheal ages 
and each of these indices have been deduced from data appearing in 
the foregoing tables.* Table 17 gives the correlations between men- 
archeal age and the ht/wt ratio. At the ages 17 and 18 there are 
significant positive correlations. Thereafter the coefficients, although 
positive, are too low to be considered significant. As the correlations 
appear to change systematically with age, no single value for r was 
to be obtained. 

Table 18 gives the correlations between menarcheal age and the 
id/ht ratio. As was to be expected from what we have already learned 
from these measurements, negative correlations, for the most part, 
were obtained. When combined by Fisher’s method we obtain a cor- 
relation of —.163. This is 4.16 times its standard error and undoubt- 
edly is a significant correlation. There is, therefore, a suggestion that 
during their terminal phase of physical development late pubescent 
women tend toward the longitudinal (leptosome) type, and early pub- 
escent women toward the lateral (pyknic) type. 


*The following formula (10) was used in computing these correlations: 
b Tar > based racM 


—— 8 » wh = heal age, b = height and 
- VV2V2 — 2, Vr, where a menarcheal ag ig 





Ta 


¢ = weight. V = 47 ; thus it makes no difference in what units b and ¢ 


are measured. The component data will be found in tables 2 and 8 and in note 10 
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TABLE 17 


Correlation Between the Menarcheal Age and Height/W eight Index™ 











C. A. N r S. Dy 

17 331 257 O51 

18 783 164 035 

19 719 132 037 

20 472 .049 046 

21 207 .032 069 
TABLE 18 


Correlation Between Menarcheal Age and 
the Ratio Bi-iliac/Height" 








C. A. N r S. D., 
17 52 —.180 134 
18 193 —.292 .066 
19 182 +.043 .074 
20 153 —.079 .080 
21 88 —.400 .090 





Relation of the Present to Previously Reported Data 


Viteles (15), Mills (11), and Stone and Barker (14) have previously re- 
ported data on the relation of menarcheal age to height and weight. These 
results are summarized in table 19. Scheyer (13) studied the relation between 
body build and menarcheal age in 300 adult patients in a gynecological clinic. 
He found that those of stocky build (pyknic) are pubescent, on the average, 
significantly earlier than those of slender build (leptosome). Gordon (6) made 
the same observation upon Smith College women. So far as they go, it will be 
seen, their results confirm those of the present investigation. 


“The formula given in note 13 was used in computing these constants. Com- 
ponent data will be found in tables 2, 3, and 8. The correlations between height 
and bi-iliac diameter are .374, .453, .518, .491, .408 for the successive years begin- 
ning at 17. 
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TABLE 19 


Summary of Previous Data on the Correlation Between 
Reported Menarcheal Age and Height (rma nt) 
and Weight (rmawt) of College and 
University Women 








INVESTIGATOR SUBJECTS AGE N Panes er 
Viteles (15) Normal School not given 236 .09 +.043 —.14 +.042 
Mills (11) University not given 641 .148%.026) ........0.. 


Stone & Barker (14) Normal School 16-24 336 .153-+.036 —.059+.037 
(San José data) 





In a forthcoming paper the authors will discuss certain relation- 
ships between menarcheal age and physical measures of school child- 
ren ranging from 9 to 15 years of age. Some of the relationships found 
in the early phases of adolescence are quite different from those that 
characterize the college women. Therefore, to follow the changing 
relationships from an early to a terminal phase of adolescent develop- 
ment is a problem of considerable interest and importance. 


CONCLUSIONS 


From the data analysed in the present paper the following con- 
clusions and interpretations seem justified : 


1. Measurements of independent samples of Stanford University 
women at each age from 17 to 21, inclusive, reveal no consistent change 
in mean height, weight, bi-iliac diameter, and chest width that is re- 
lated to chronological age. 

2. Successive measurements of height and weight on the same col- 
lege women show that there is a small, significant mean annual incre- 
ment for a part of the period from 17 to 21 years. 

(a.) In the case of height there is a small, significant mean annual 
increment for consecutive ages from 17 to 20 years, amounting to ap- 
proximately .4 inches for the four-year period. 

(b.) In the case of weight the mean annual increment is signifi- 
cant for the ages 17 to 19 and the total increment for the four year 
period is approximately 5.75 pounds. 
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(c.) These findings are corroborated by results from three pre- 
viously published papers. Together they strongly suggest the erroneous 
nature of conclusions as to growth which have been based upon data 
from independent samples of the female college population at each age. 

3. There is a low, positive correlation between reported menarcheal 
age and the standing height of Stanford women for the ages 17 to 21. 
The partial correlation, with age constant, is .138 +.018. For each 
year’s difference in menarcheal age there is an average difference in 
height of .24 inches. This means, for example, that women who reach 
puberty at I5 years are, on the average, almost one inch taller than 
those who become pubescent at 11 years. This difference is over eight 
times its standard error. 

4. The amount of annual growth in stature between the ages of 
17 and 21 is not correlated with menarcheal age in the present data. 

5. At the age of 17 there is a small negative correlation (—.223 
+.034) between weight and menarcheal age. This relation decreases 
progressively with chronological age and by 20 and 21 years is entirely 
absent. 

6. The girls who become pubescent relatively late continue to in- 
crease in weight during the college years slightly more rapidly than 
the early pubescent girls. 

7. In the terminal phase of physical development the weight-men- 
archeal age relationships and the height-menarcheal age relationships 
are quite different. 

8. The correlations between menarcheal age and bi-iliac diameter 
and chest width are negative but of doubtful significance. 

g. Correlational studies of menarcheal age in relation to indices 
of body build (height/weight and bi-iliac/height) indicate that the 
women with late menarcheal ages tend toward the longitudinal (lepto- 
some) type, whereas those with early menarcheal ages tend toward the 
lateral (pyknic) type. 
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DISTRIBUTION OF DEATHS AMONG 
AMERICAN INDIANS 


BY CLARK WISSLER 








=N 1931 this journal carried an article by Clements dealing 
} with mortality records for certain Indians in Arizona. In 
1935 another article by Krogman gave similar data upon 
a group of Indians in Oklahoma.’ In the initial study 
Clements found a type of curve for age-at-death distribution which he 
believed peculiar to Indians and distinct from Negroes on one hand 
and whites upon the other. While engaged in an extended study of 
certain tribes of Indians the writer acquired a register of births and 
deaths for a community of Dakota Indians which presented an oppor- 
tunity to test the Clements hypothesis. 

A word concerning the source of the data may be in order. The 
Indians enrolled under the Pine Ridge Reservation, South Dakota, 
though of one tribe, live in communities. One such community of 
about 1,000 souls, mostly full-blooded Dakota Indians, has kept a 
register of births and deaths since 1908. Dr. Scudder Mekeel dis- 
covered this register in 1929 while making a special study of this com- 
munity. He made a copy of it, which he kindly placed at the disposal 
of the writer. Mrs. R. D. Sanderson generously volunteered to tab- 
ulate the entries. The record gave the exact dates for births and 
deaths, thus making it possible to compile an accurate age-at-death table. 
In the original compilation the deaths were shown for each successive 
year, but here it seems unnecessary to give more than the totals for 
deaths. 

Incidentally, the population of this community has gained steadily ; 
as 720 in 1908 and 936 in 1929. The birth rate has been constant, 
approximately 42 per thousand and the death rate since 1916 approxi- 
mately 37 per thousand. 


*Clements (F.)—Racial differences in mortality and morbidity. Human BUuo.., 
3. Baltimore, 1931, 397-419. 

Krogman (W. M.)—Vital data on the population of the Seminole Indians 
of Florida and Oklahoma. Human Brot. 7, Baltimore, 1935, 335-349. 
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TABLE 1 


Percentage Age Distribution of Deaths 





MOHAVE AND 








DAKOTA SEMINOLE 
CHEMEHUEVI 
Aas 1910-1930 1910-1930 1898-1932 
M F Yi M F z M F T 





I- 4 101 7.7 8.9 20.8 19.3 20.0 10.5 9.4 9.9 
5-9 2.4 3.6 3.0 6.9 6.4 6.6 8.4 9.8 9.1 
10-14 2.9 2.4 2.6 4.2 4.7 4-4 7-5 7.1 7-3 
15-19 ©6615 8.3 7-4 5.6 7.1 64 100 8.5 9.3 
20-24 7.1 5.9 6.5 4.2 6.1 5.2 13.4 12.0 12.7 
25-29 4-7 4.2 4.5 28 3-7 3.2 7-5 76 76 
30-34 3.5 3.6 3.5 17, 30 2.4 7-5 8.0 78 
35-39 1.8 4.8 3.3 0.7 3.0 1.8 1.7 2.7 2.2 
40-44 24 2.9 2.6 2.4 3.0 2.7 5-4 4.5 5.0 
45-49 4.7 18 3.3 2.1 2.0 2.0 6.3 5.8 6.0 
50-54 7.1 4.8 6.0 1.0 1.7 1.4 2.9 3.6 3.2 
55-59 4.7 3.0 3.9 2.4 1.3 1.8 2.1 2.2 2.2 


85-89 0.6 1.2 0.9 0.3 0.7 0.5 
90+ 0.6 1.2 0.9 o 0.3 0.1 





The tabulated data are presented in Table 1. We have added the 
data for the Mohave (Clements) and Seminole (Krogman) to facili- 
tate comparisons. It appears that the o-1 and 1-4 year death rates for 
the Dakota are higher than for the other groups (Figure 1). 

Clements states that his data for this period are incomplete; on the 
other hand the Dakota register bears evidence of being complete in this 
respect. For example, still-births were recorded. However, all the 
Dakota rates are higher than those given by Clements, until the 15-19 
age, after which they tend to be lower. Since this is a matter of 
relative frequency, the differences would probably have been less had 
early deaths been completely reported for the Mohave. Krogman also 
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Fic. 1. Curves ror AGEs aT DEATH, SEMINOLE, MoHAvVE-CHEMEHUEVI 
AND Daxora INDIANS 
(Tue Torats In TABLE 1 WERE RouNDED orF TO SMootH THESE CuRVES.) 


was of the opinion that among the Seminole the data for early periods 
were incomplete. So we suspect that the Dakota curve for 0-15 years 
is nearer the normal. 

However, ignoring these differences, the three curves are of the 
same form approximately until the 40th to 45th years. They show a 
peak for 15-20 which Clements assumed distinctive of Indians in general. 
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also From CLEMENTS.) 
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This is now confirmed insofar as the Seminole and the Dakota are true 


samples. 

After 45 all three curves behave differently. The Dakota curve 
shows a flat tendency until 55 years, whereas the rise sets in for the 
Mohave at about 45 years, and is far more accentuated. On the other 
hand the Seminole curve shows its second peak at 45 years, but then 
trails downward. 

Finally, we combine the three tribal series as in Figure 2, and so 
smoothed out, the curve shows an undoubted peak at 15-24 but it is 
not so clear that there is a second peak at 45-65. This raises some 
doubts as to the form of the so-called Indian curve. So we checked 
our Dakota curve with census data for Indians of South Dakota(1930- 
32), finding the form of curve closely similar (Table 4). North Da- 
kota (1924, 27, 28) occupied chiefly by Indians less homogeneous in 
culture, is less similar, but still of the same type. The differences we 
note are that our data present higher rates for 0-4 years which again 
we interpret as indicating that the census reports omit many infant 
deaths. 

Krogman’s Seminole curve differed most from our Dakota curve. 
We find his curve is not in close agreement with the census data for 
Indians of Oklahoma of which the Seminole are a part. Since the 
Seminole were seen to be most divergent, they appear here as not even 
typical of Oklahoma Indians. 

Clements’ curve, when compared with Arizona Indians as a whole, 
does not agree very well, but is more like New Mexico Indians. What 
is suggested here is that there are significant regional and tribal differ- 
ences in the age-at-death curves for Indians. 


CHANGES IN THE FORM OF THE CURVE 


The foregoing and certain studies of Indian populations now under 
way suggested that such age-at-death curves as have been presented are 
not constant. The white curve, for the present, is not of the form one 
would expect for 1870. Unfortunately our Indian records do not lend 
themselves to comparisons over such long periods of time. 

The group studied by Clements seems to have been a declining popu- 
lation. In 1910 the United States record gives this population as 1334 
and in 1935 as 1148. Krogman’s Seminoles are listed as 3000 in 1900, 
2132 in 1906 and 2141 in 1928. Thus since 1906 this population ap- 
pears stationary. The Dakota group reported upon in this paper, had 
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a population of 744 in 1909, and 928 in 1929. The increase was steady 
from year to year. 

In our studies of Indian populations, we found the Blackfoot of 
Canada declining steadily from 1890 to 1929, since which date they 
show a tendency to gain. For their tribe we have no data as to ages- 
at-death but we can divide the population into minors (0-20) and adults 
(See Table 2). For comparison we list minors and adults for the 
Dakota, a growing population, and for the Blood (close relations of 
the Blackfoot) who lost population from 1894 to 1919, since which 
date they have gained at an accelerating rate. 


TABLE 2 


Minors and Adults Per Thousand Population 








TRIBE DATE MINORS ADULTS 
Blackfoot...... 1894 436 564 
1914 441 559 
1929 44! 559 
i ae 1909 468 532 
1929 507 493 
eee 1894 407 503 
1919 495 505 
1934 544 456 





The declining population (Blackfoot) shows no certain change in 
the relative number of minors between 1894 and 1929; the growing 
population (Dakota) shows a steady increase in the number of minors. 
The population (Blood) reversing from a period of loss to one of gain, 
shows an equality of minors and adults at the turning point, suggesting 
that a gain in minors is an important factor in population increase. We 
assume that such progressive gains in minors would be reflected in the 
age-at-death curves if plotted annually. The Dakota data can be di- 
vided according to periods but the numbers then become small. (Table 
3). Yet there are obvious differences in trend. 

Though we note that at the turning point in population decline min- 
ors and adults are about equal and that with increasing population 
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TABLE 3 


Distribution of Ages At Death Per Thousand Population—Dakota 





AGES 1910-1915 1924-1920 





O- 4 436 
5- 9 44 
10-14 58 
15-19 60 
20-24 63 
25-29 42 
30-34 33 
35-39 35 
40-44 37 
45-49 39 
50-54 22 
55-59 14 
60-64 
65-69 
70-74 
75-79 19 
80-84 20 
85+ 18 





minors gain, it would be unwise to generalize. Other tribes may pre- 
sent contradictory results. However, the suggestion is that among In- 
dian populations of this type, trends in age groups may be expected 
which in turn could modify the age-at-death curves. We give these 
examples in support of the assumption that the Indian age-at-death 
curve is not constant in form. 

Clements suspected that tuberculosis accounted for the large number 
of Indian deaths under 20 years of age. An intensive study of this 
disease among the plains tribes of Alberta and Saskatchewan was made 
by Ferguson.* He found the peak in the tuberculosis age death curve 


*(a) R. G. Ferguson, Tuberculosis among the Indians of the Great Canadian 
Plains. Pp. 51. Reprinted from Transactions of the 14th Annual Conference 
of the Nat. Assoc. for the prevention of Tuberculosis... London, no date. 

(b) Some light thrown on infection, etc. Reprint, Transactions Amer. Clin- 
ical and Climatological Assoc., 1934. pp. 9. 

(c) The Indian tuberculosis problem and some preventive measures. Reprint, 
Trans. of the 29th Ann. Meeting of the Nat. Tuberculosis Assoc., 1933, PP. 14- 
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progressing from early childhood to adult life. Thus, the maxima of 
deaths from tuberculosis were as follows: 


10-14 years 
15-19 years 


Insofar as tuberculosis determines the age-at-death curve it would fol- 
low that its form would change with the years. Ferguson assumes that 
the above tabulation plots the course of a disease in a virgin population, 
thus regarding the phenomenon as not peculiar to Indians. He calls 
attention to the 1931 maximum mortality among the white population 
of Saskatchewan as falling between 25 and 29 years. Further evidence 
is given to support the view that though the Indians studied are still 
far behind whites, the trend since 1887 has been toward the white in- 
cidence. In the main Ferguson* would agree with Clements that tuber- 
culosis is an important factor, but suggests that its effect upon the age- 
at-death curve would vary from time to time. 

Incidentally, data upon changes in total death rate among Indians 
upon reservations were compiled by Ferguson.* The approximate ex- 
tremes in annual rates for four agencies were: 


Death Rates 


This shows that the total death rates reached a high level around 1890. 
The highest tuberculosis death rates were found in the interval 1885- 
1892. We call attention to these additional observations because they 
support the assumption that the age-at-death curves are not constant, 
but will vary from period to period. 


SEX DIFFERENCES 


Sex differences as shown in the tables are not striking, but have 
been commented upon by both Krogman and Clements. However, we 


*Ferguson (c) p. 4 
‘Ferguson (a) p. 10 
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call attention to one characteristic which all three tribal groups have 
in common; the tendency for males and females to follow each other 
closely in fluctuations which might seem accidental. Thus we note in 
the table that when one sex swings upward the other does likewise and 
the reverse. For example, the Dakota curve goes sharply up at 15-19 
for both sexes ; down at 50; the Mohave sharply up at 15-19 (Table 1). 
This must mean that the causes making for changes in death rate at 
specific ages operate upon the two sexes about equally. The data used 
extend over a period of years so that the causes for these changes in 
death frequencies must have been in part age selective. 

Perhaps we can approach an understanding of this by noting if age 
coincidences occur in the fluctuations of all groups. In the 35-39 age 


TABLE 4 


Age at Death Frequencies U. S. Census—Indians 





1927-1928 1930-1932 1927-1928 1929-1932 1928 
AGE N. DAKOTA S. DAKOTA ARIZONA N. MEXICO OKLAHOMA 


M. F. M. F, M. F. M. F. M. F, 








O- I 257 216 200 188 255 235 331 275 137 149 
1-4 174 136 126 135 185 198 138 156 103 117 
5-9 36 52 49 34 34 59 25 30 24 20 
10-14 40 52 39 60 60 90 33 21 10 40 
15-19 51 73 77 70 79 69 55 43 66 57 
20-24 20 63 56 48 56 56 38 80 64 62 
25-29 40 28 35 33 26 26 33 59 56 47 
30-34 32 28 40 31 24 28 32 37 37 45 
35-39 12 31 22 36 24 28 28 29 5! 
40-44 24 21 19 30 26 20 17 29 42 
45-49 32 17 13 23 24 33 33 21 34 
50-54 44 31 35 28 29 a1 42 34 74 27 
55-59 40 4 43 33 18 II 20 22 56 40 
60-64 20 45 36 39 21 23 26 35 29 45 
65-69 44 49 33 44 35 15 32 19 22 32 
70-74 55 28 42 48 23 21 32 32 54 40 
75-79 40 35 46 42 23 16 26 19 44 47 
80-84 28 31 48 33 24 26 16 19 42 40 
85-89 II 21 19 22 II 8 14 18 15 30 
90-94 o 35 10 14 8 13 22 13 29 32 
Unknown o 4 12 9 15 4 5 9 II 6 
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interval the tendency in the three curves is to reach a low turning point 
(Table 1). The drop and the reaction are abrupt for males. Females 
show a downward swing in each group, lagging behind somewhat, but 
reaching low points at 35, 45, and 55 respectively. Both sexes react 
upward sharply at 15-19, females tending to lead. Ferguson shows that 
more females than males die of tuberculosis at this period. 

Perhaps the most striking sex peculiarity is for males to reach a low 
death rate at 35-39. Females tend to fall here also but do not reach the 
low level of males (Table 1). The census data for Indians in Arizona 
and North Dakota show the same peculiarity; for Oklahoma Indians 
the same sex differences appear for 30-34 years and in New Mexico 
for 40-44 years (Table 4). For Negroes of Oklahoma, Louisiana and 
Mississippi (1928) the low level for males is at 30-34 years; females 
have a higher rate. The same tendency is not observable in white death 
rates, but from 20-40 years all age rates are higher for females. 


CONCLUSIONS 


The new data for a Dakota community of Indians give an age-at- 
death curve which differs somewhat from those previously published. 
All three curves are similar in form for the interval 10-40 years and 
for later years they are, at least, in contrast to white death rates. 

Evidence was presented to suggest that the forms for such curves 
are not constant because dependent upon the mode of life in the group. 
We found local differences in the census data for both Indians and 
Negroes which seemed to correlate with economic and social differences. 

We feel that the data in hand justify the assumption that there is 
no specific form of age-at-death curves peculiar to either Indians, Ne- 
groes or Whites, as such. In respect to Indians it would follow that 
whenever their modes of life closely parallel that of the white people 
around them, their age-at-death curve will approach the white type. 
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CHANGES IN SYSTOLIC BLOOD PRESSURE, 
HEART RATE, AND TEMPERATURE 
BEFORE, DURING, AND AFTER PREG- 
NANCY INA HEALTHY WOMAN* 


BY GEORGENE H. SEWARD AND JOHN P. SEWARD, Jr. 
Columbia University 





I, PROBLEM 







quently inconsistent and difficult to interpret. Two prev- 
ij alent sources of difficulty are insufficient measures on the 
—=—=] same subjects and lack of control data, particularly measure- 
ments before pregnancy. In the present study an attempt was made 
to avoid these defects by taking daily records before, during, and after 
pregnancy on a healthy woman, together with similar records on a male 
control. 


II. METHOD 


Subjects:—The experimental subject (ES) was a multipara (Para 
II) 32 years old. The control subject (CS) was a healthy male under- 
going the same professional and domestic routine as ES. Although 
the control data were analyzed in the same way as the experimental, 
they will be referred to only where interpretation requires. 

General Conditions :—The experiment covered the period from Sep- 
tember 29, 1933 to November 12, 1934, inclusive. Daily records were 
made during this time totaling 416 experimental days. A few of these 
records had to be discarded because of indisposition not connected 
with pregnancy, leaving 397 records for ES and 402 for CS. The 
first day of the last menses occurred November 23, 1933. The most 
probable date of conception, determined by vaginal smears, was Decem- 


*The writers are indebted to J. P. S. III, without whom this study could not 
have been done. 
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ber 5, 1933. Parturition occurred September 5, 1934. Thus the dur- 
ation of the gestation period calculated from conception was 273 days; 
calculated from the onset of the preceding menses, 286 days. 

Pregnancy was clinically normal, the subject maintaining a full- 
time teaching and research schedule during the academic year and 
research work daily until the day of parturition. Confinement was 
at home. Labor was normal in duration and difficulty, with spontan- 
eous delivery. During the second stage nitrous oxide was adminis- 
tered in analgesic doses, with ether at the end. The baby was a normal 
female weighing 3.14 kilograms. She was fed artificially from birth 
and the mother’s breasts dried. Recovery was uneventful and normal 
activities were resumed by the twelfth day. 


Procedure:—All measurements were made with the subjects re- 
cumbent. The records of ES were under basal conditions after a 
night’s sleep before rising or eating. The subjects acted as experi- 
menters for each other, and in this w.y each was kept largely ignorant 
of his own records. 

Systolic blood pressure was determined by the auscultation method 
using a Tycos mercury-column sphygmomanometer with the cuff around 
the subject’s right arm. Readings were also taken at the beginning of 
the fourth phase to indicate diastolic pressure, but the authors do not 
regard these as reliable. There were many cases in which this point 
was too indefinite to be determined with certainty. We were interested 
to note the statement by King and Garrey (8) that “absolute diastolic 
readings by the auscultatory method are practically impossible.” 

Heart rate was determined by stethoscope. 

Rectal temperature readings were taken with a calibrated clinical 
thermometer. The instrument remained inserted for a minimum of 
three minutes. During the first 10 days of the puerperium oral readings 
were substituted for rectal. Oral readings were later calibrated against 
rectal and the necessary correction made. 

Vaginal smears were made daily by ES, who stained them according 
to Papanicolaou’s method, described in detail in his recent monograph 
(9). The analysis of these smears will be presented in a forthcoming 
publication by Papanicolaou. In the present study the smears were used 
to identify the phases of the menstrual cycles and to determine the proba- 
ble date of conception. 
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III. RESULTS 


In Figure 1 are plotted the daily scores of ES smoothed by Bloxam’s 
method of averaging each score with the preceding and the following 
one. The dates of conception and parturition are indicated by heavy 
lines. 

In grouping the data for statistical analysis, the menstrual cycle was 
selected as the unit for the non-pregnancy data and the time of preg- 
nancy was divided into 10 periods of approximately 28 days each. The 
first period, however, included only the 15 days of an assumed 28-day 
cycle remaining after conception. The last period was also atypical in 
length, since it included the days in excess of 280. The puerperium was 
arbitrarily taken to include the 37 days between parturition and the ap- 


TABLE 1 


Averages and Standard Deviations for Approximate 
Four-Week Intervals 





SYSTOLIC 
NO. DAYS PRESSURE 


S. D. 


MENSTRUAL 
CYCLES 








I 3-42 
II 3.97 
III (4) 2.73 


Pregnancy 
I 1.91 
II 2.70 
III 2.50 
IV 2.80 
V ' 4.91 
VI 2.62 
VII . 2.39 
VIII 2.56 
IX 5-37 
xX 5.78 


Puerperium 5.40 


Menstrual Cycles 
I . 4.14 








238 HUMAN BIOLOGY 


pearance of the first menses. Table 1 presents the average scores and 
standard deviations in the three measures for each period. 

The next step was to determine the reliabilities of the indicated 
trends. The need of adequate samples led us to divide pregnancy into 
thirds, or approximately go-day periods. Each of these trimesters was 
compared with a norm consisting of the average of the two complete 
menstrual cycles preceding pregnancy and the first one following partur- 
ition. The standard errors of the differences were obtained and the criti- 


TABLE 2 


Averages and Standard Deviations for Trimesters of 
Pregnancy with Critical Ratios of 
Differences from Norm 





STANDARD DEVIATIONS 
Norm Ti Ts Ts Norm Ti Ts T: 








Syst. Press..... 101.9 103.2 98.8 99.2 4.27 2.79 4.62 
2.33 5.13 4.02 ee 3.80 1.83 0.74 

68.5 738 76.0 85.7 337 367 3.80 9.38 

9.85 13.56 16.54 —e 0.79 1.32 8.11 

98.49 98.90 98.55 98.36 305 .177, «18Q— 177 

10.59 1.55 3.36 --- 483 438 483 





cal ratios computed. These are presented in Table 2. It will be recalled 
that a ratio of three, indicating a difference three times as large as its 
standard error and representing a probability of 99.87 per cent is usually 
accepted as an index of complete reliability. 

The main features of the charts and tables may be most concisely 
summarized as follows: 


Pregnancy Post Partum 
early middle late 
Average 
Systolic pressure slight rise _ fall slight terminal _ sharp rise 
rise 
Heart rate rise continued rise sharp rise sharp fall 
Temperature rise gradual fall continued fall sharp rise 
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Variability 
Systolic pressure fall constant sharp rise gradual fall 
Heart rate constant constant sharp rise sharp fall 
Temperature fall constant constant sharp rise 


In some cases similar treatment of the control subject’s data also 
revealed statistically reliable trends. CS showed a significant increase 
of blood pressure in the last two trimesters. His heart rate decreased in 
the first trimester and increased in the third. These trends necessitate 
caution in attributing the changes in ES’s data to pregnancy alone. 

The changes in variability accompanying pregnancy suggest that 
normal variation may be bound up with menstrual periodicity. To test 
this hypothesis the three normal cycles were classified, by microscopic 
examination of the vaginal smears, according to the four recognized 
phases popularly designated as menstrual, postmenstrual, intermenstrual, 


TABLE 3 


Averages for Phases of Menstrual Cycle 





POST- INTER- PRE- 
MENSTRUAL MENSTRUAL MENSTRUAL MENSTRUAL 


No. Days Av. No. Days Av. No.Days Av. No.Days Av. 








Systolic Pressure 


100.4 3 

97.8 4 
103.0 4 
100.4 


Heart Rate 


70.6 
63.7 
66.6 
67.0 


Temperature 


08.18 
98.16 
98.29 
08.21 
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and premenstrual. According to the “wave theory” of menstrual peri- 
odicity, we should expect a cyclic rhythm in physiological functions to be 
characterized by a premenstrual rise and a menstrual fall. 

Table 3 shows the average readings for each of the three cycles and 
the averages of these. Inspection of the table reveals clear-cut cyclic 
changes in temperature, less definite ones in blood pressure, and none 
in heart rate. It is interesting to note that in a recent review of the ex- 
perimental literature on the female sex rhythm Seward (16) found 
more uniformity among investigators in reporting positive results on 
temperature than on cardio-vascular changes. The differential suscepti- 
bility of the three measures to menstrual periodicity may possibly be 
explained in terms of relative stability. Heart rate and blood pressure 
are more easily affected by extraneous factors which tend to obscure 
cyclic changes, while temperature is more resistant to such effects. The 
wide deviations of the former measures in late pregnancy support this 
hypothesis. 


IV. DISCUSSION 


In the present experiment pregnancy was accompanied by an early 
rise in systolic pressure giving way to a lowered level. This reduction 


of level is in line with the findings of Cornell (1) and Hare and Karn 
(5). The rise in the last months reported by these investigators and by 
Roig (11), Simons and Rasmussen (17), Slemons and Goldsborough 
(18), Strassmann (19), and others (3) here appears only shortly before 
parturition. The most striking deviation was the raised level maintained 
for approximately 18 days post partum. This would align itself with 
the findings of Roig (11), who characterized the puerperium as a period 
of hypertension, rather than those of Strassmann (19), who was led 
to the opposite conclusion. The increased variability in the last two 
months of pregnancy recalls the increased lability of the blood pressure 
noted by Kehrer (7) and Schwarz (15). 

The most striking of the changes revealed by the present study were 
the increased variability and the acceleration of the heart rate in the 
last months of pregnancy, followed by a sudden drop to approximate 
normality immediately after delivery. These results are similar to those 
of the subject studied by Sandiford and Wheeler (13). They confirm 
the frequently reported observation of a tendency toward tachycardia 
during pregnancy (4) (10) (17) and of a retardation after delivery 
(4) (5) (12). The former trend is often attributed to the mechanical 
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conditions of squeezing and displacement of the heart and the increased 
demands made upon it. In the light of a case of tachycardia and labile 
pulse in early pregnancy, apparently of toxic origin, Schubert (14) 
pointed out that similar conditions more frequently observed in the 
later stages might also indicate toxemia. Kehrer (7) reviewed a mass 
of evidence that the sympathetic nervous system shows increased irrita- 
bility in pregnancy. 

The rise of temperature which appeared in early pregnancy and again 
after parturition confirms the observation of Fruhinsholz (2). The 
former he attributed to the action of corpus luteum in women with un- 
stable autonomic nervous systems. In the downward trend from the 
first to the third trimester our results agree with those of Sandiford 
and Wheeler (13), but not clearly in other respects. Conspicuous in our 
results was the reduced variability which characterized the entire course 
of pregnancy. Harvey and Crockett (6) have supplied convincing evi- 
dence of the effect of the menstrual cycle on body temperature. This, 
coupled with our analysis of the menstrual cycle data, points to the sup- 
pression of cyclic fluctuation as the most plausible explanation. 


V. SUMMARY 


Within the limits of this experiment: 


1. Pregnancy was accompanied by an early rise and later fall in 
systolic blood pressure and body temperature and by an acceleration of 
the heart. Variability was reduced in temperature and systolic pressure 
and showed a late increase in systolic pressure and heart rate. 

2. Parturition was followed by a sudden return to normal in heart 
rate and by a sharp rise with a gradual return toward the norm in the 
other two measures. Variability followed the same respective courses 
in heart rate and temperature, with a gradual decline in systolic pressure. 
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THE INHERITANCE OF 1-XYLOKETOSURIA 
(ESSENTIAL PENTOSURIA) 
BY MARGARET LASKER, MORRIS ENKLEWITZ, 
AND GABRIEL W. LASKER 
From the Medical Division, Montefiore Hospital, New York City 





== HERE are at least two known types of chronic essential 

i) pentosuria, differing from each other in the nature of the 

pentose found, the one, dl-arabinose, the other, 1-xyloke- 

| tose. Using a simple new test (1) which facilitates the 

identification of 1-xyloketose in urine, the authors have observed 41 

cases of pentosuria of this type and have had an opportunity to study 

the transmission of the condition.’ Herewith is presented some evi- 

dence which seems to indicate strongly that xyloketosuria is inherited 
as a recessive characteristic. 


Urine pentose has been identified as dl-arabinose in the case of Salkowski 
and Blumenthal (2) [analysis by Neuberg (3)], in the cases of Aron (4), 
Wrzesnewski (5), and Cammidge and Howard (6). Levo-xyloketose is es- 
tablished as the urine pentose in the cases of Zerner and Waltuch (7), Levene 
and La Forge (8), Hiller (9), Greenwald (10), Hari (11), Enklewitz and 
Lasker (12) and is almost certainly the sugar in the case of Elliott and 
Raper (13). Dr. F. W. Sunderman, in a private communication, states that 
he has identified the sugar as I-xyloketose in a pentosuric family which he has 
studied recently. In most of the reported cases of pentosuria the exact nature 
of the sugar was not determined. 

Many familial cases of pentosuria have been found and it has become com- 
mon practice to state that pentosuria should be expected to behave as a Men- 
delian recessive character (14). af Klercker (15), whose cases were prob- 
ably xyloketosuric, found two brothers having pentosuria in a sibship of seven, 
all of whom were tested; both parents as well as two children of a normal 
brother were negative. Levy and Pierson (16) tested 17 members of a family 


*We are indebted to Drs. William G. Exton, Ernst Mueller, J. Rogoff, Aaron 
Feldman, Arthur Bookman, M. M. Levitas, Alter Weiss and Victor H. Kugel 
for specimens of pentosuric urine from individual cases, to Dr. Alvin Shaye 
for the urine of the two cases and for the data in Figure 11, and to Dr. Abraham 
Rudy for the specimens of five cases and the data in Figures 17 and 18. 
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and found two great-aunts and a great-uncle of their original case were ex- 
creting pentose. Jones and Nissler (17) found four children and a grand- 
mother positive for pentose and another sister and the mother negative; the 
father was tested and gave a doubtfully positive test on one occasion. Cammidge 
and Howard’s (6) cases were father and son in one family and uncle and 
nephew in another. In addition, familial cases occurring in siblings have been 
reported by Bial (18), Brat (19), Janeway (20), Rosenbloom (21), Fischer 
and Reiner (22) and Hari (11). Newman (23) observed the brother of a 
case reported elsewhere in the literature and Janeway mentioned that Bendix’s 
(24) case was familial, but we have not found the evidence. 

Instances of I-xyloketosuria as well as of dl-arabinosuria occur in these 
familial cases. The urinary pentose has been identified as dl-arabinose in Cam- 
midge and Howard’s (6) cases, whereas the two sisters and a brother in the 
family reported by Hari (11) were shown to excrete xyloketose. 


Twenty pentosuric families have been observed by us and are de- 
picted in Figures 1 to 20. The urine pentose of 37 individual members 
has been identified as ]-xyloketose by the dl-osazone method of Zerner 
and Waltuch (7) and by the new test developed by the authors (1). 


a Cases of pentosuria. 


= Urine tested and found free from pentose. 


NY Urine reported to be free from sugar. 


Urine not tested. 


EXPLANATION OF FIGs. 1-20 





INHERITANCE OF L-XYLOKETOSURIA 


EVIDENCE FOR RECESSIVE INHERITANCE 


Four facts indicate that l-xyloketosuria is inherited and is prob- 
ably controlled by a single recessive gene. 

I. Xyloketosuria is very rare in the general population but is fre- 
quently found in the families of known cases. 
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Margolis (25) reviews studies of 22,000 urines; in these the incidence of 
pentosuria is one in 2,000. Dr. N. R. Blatherwick of the Metropolitan Life 
Insurance Company states in a private communication: 

“During the period from June 6, 1934 to March 1, 1936, we examined 130,985 
specimens of urine. These specimens were from applicants for life insurance, 
home office employees and field employees. 8,318 specimens giving a reduction 
of 0.25 per cent or more by Benedict’s picrate method were tested for pentose 
by your method. 31 individual cases of pentosuria were found,” not including 
a sister of one of our field employees. This gives an incidence of one in 4,225 
CRSEB. 0000 During the year 10935, one urinalysis was made in our laboratory 
for approximately eleven made by the field medical examiners. When this is 
taken into account, the incidence of pentosuria appears to be about one in 50,000.” 


Bro 








AAO 


Fic. 9 
Fic. 8 


EHS 


ge 


Fic. 10 








*The urine of these cases gave Lasker and Enklewitz’s (1) test for xyloke- 
tose and Bial’s test for pentoses. 
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Dr. Blatherwick realizes that he probably missed many instances of pen- 
tosuria among those cases which showed less than 0.25 per cent of reducing 
substance. Our own experience shows that the concentration of reducing sub- 
stances is sometimes below 0.25 per cent. 


As for family occurrence, on the other hand, we have tested 34 
brothers and sisters of xyloketosuric propositi and found ten new cases 
(not including those in Figures 17 and 18). In one great family 
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(Figure 5) we have tested urines of 66 individuals and found seven 
additional cases of pentosuria. 

II. Most cases of pentosuria are among Jews, a fact which strong- 
ly supports the contention that the disease is hereditary. Revising 
and bringing the figures of Margolis’ (25) review of race distribution 
up to date, we find in the literature that 75 cases including 35 of ours 
are Jews ; in 65 cases including six which were referred to us no mention 
of race is made. 


Besides two Greek and two English arabinosurics observed by Cammidge and 
Howard, one of Koopman’s (26) cases is stated to be not a Jew and not of 
Jewish descent. Dr. Stephen K. Mayer has told us that he found pentosuria 
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in a non-Jewish German, one of his patients. Judging from the names, most, 
if not all, of Blatherwick’s pentose urines were from Jews. No instance of 
xyloketosuria has yet been reported in a non-Jew. 


III. As the disease is present in children of ten families (Figures 
2, 5, 9, 10, 13, 14, 15, 16, and 20) in which neither parent shows 
evidence of the disease, inheritance, if operative, would almost certainly 
be recessive. In these ten sibships, 16 out of 38 members had pentosuria; 
deducting the eight propositi, there remain eight out of 30 members, 
which approximates the Mendelian ratio for a recessive characteristic 
when both parents are hybrids. 

IV. One case is a child of first cousins (Figure 5). The like- 
lihood of members of her generation in her family showing the trait 
is very great if xyloketosuria is to be considered as a recessively in- 
herited anomaly, both because one parent has the disease and because 
the parents are related to each other. 


According to Macklin (27): “If one finds consanguineous marriages more 
frequent among parents of children with rare diseases than one finds among 
parents of the general population, it is good evidence that the disease in question 
is a hereditary one and secondly that it is dependent upon recessive factors.” 


Furthermore the disease would appear less often in the offspring of 
consanguineous marriages if it were multifactorial than if it were re- 
cessive. 

Our case, so far as we know, is the only case where the parents 
of pentosurics are reported to be related to each other. The parents 
of fourteen other sibships are found not to be related to each other. 
In recessively inherited characters it is known that the rarer the char- 
acter the more frequent the consanguinity of parents. We think it 
worth noting that among Jews, where most if not all of the xyloketos- 
urics have been found, the anomaly is not so very rare. If cases are 
found among non-Jews where the incidence is probably much smaller, 
one might expect a much higher per cent of consanguinity of parents 
than is to be found in Jewish cases. 


DISCUSSION 


A. There is an apparent preponderance of males having pentos- 
uria. 


Margolis (25) reviewed the literature and found 48 males and 25 females. 
Since then 71 males and 26 females have been reported, including 23 males and 
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17 females from our cases and the 31 males and one female observed by 
Blatherwick, making the totals 119 males and 51 females.’ 

Margolis stated that many pentosurics were discovered at the examinations 
for life insurance where no doubt more males presented themselves. This con- 
sideration would apply to the great preponderance of males found by Blatherwick. 
Even aside from insurance examinations, urinalysis is more apt to be made on 
apparently healthy males than on females. 


Because of the possibility of preselection playing a more important 
part in adults, the literature was reviewed for children under 15 years 
of age. This age limit was chosen arbitrarily. The review disclosed 
17 boys and eight girls including six boys and one girl observed by 
the writers. 

By the method of brothers and sisters the preponderance of males 
is not found. From 23 brothers of propositi we examined, four new 
cases were found, while from 14 sisters examined six cases were found. 
Among other relatives tested we found two female pentosurics and 
two male. Conversely, though we seem to have a fairly even distri- 
bution of males and females, 23 of the former and 17 of the latter, 
yet the cases which came to our door were preponderantly male. We 
had 14 male and seven female propositi.* 


B. The incidence of twins is very important in a study of hered- 
itary mechanisms. The full significance of a single instance of non- 
identical twins (Figure 9) (28) of different sex both of whom have 
xyloketose in the urine will manifest itself from the point of view of 
the hereditary mechanism when further cases are reported. 


C. In the identified cases of dl-arabinosuria both familial occur- 
rences are in successive generations, the father and son, and the uncle 
and nephew, found by Cammidge and Howard (6). If arabinosuria 
is inherited there is a possibility of a dominant mechanism being in 
control. On the other hand, however, Aron (4) stated that the im- 
mediate family of the five-year-old arabinosuric boy he observed was 


*In the totals are eight males and two females established as arabinosurics. 
Of the cases we consider to be xyloketosurics, 46 are males, 22 females. 

‘Fortuyn (31) has suggested that hare-lip, which appears twice as often in 
males as in females, might be explained by the hypothesis that the trait is inherited 
as a double recessive, one gene being autosomal and the other one sex-linked. In 
the families with xyloketosuria which we have examined there is more evidence 
that the inheritance is determined by a single gene lying in an autosome. In the 
absence of more cases this can only be a hypothesis but a more tenable one than 
the above. 
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negative. If Aron tested both parents a simple dominant mechanism 
could not be in control. 

D. Other causes than heredity may produce pentosuria. Many 
cases of an alimentary type have been reported. Cases of acquired 
chronic pentosuria and of toxic pentosuria according to Margolis (25) 
and Protas (29) are brought on or aggravated by infections or nervous 
trauma or other toxic factors. We think it possible that the pentosuria 
had been overlooked and was only discovered after the pentose excretion 
had increased following the administration of drugs (30). 


SUMMARY 


A study of 20 families in which are 37 cases of xyloketosuria in- 
dicates that the condition which permits or causes l-xyloketose to be 
excreted in the urine is inherited as a simple recessive anomaly. 
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THE BIRTH ORDER OF MONGOL AND 
OTHER FEEBLEMINDED CHILDREN 


BY MILES MURPHY 


University of Pennsylvania 





=INCE Langdon-Down!' in 1866 first described Mongolism 

i in his attempt to provide an ethnological classification of 
the mentally defective, much attention has been given to 
the study of this particular form of feeblemindedness. 
Among the genetic factors that have been considered are the size of 
the family in which the Mongol is found, and the place in the family 
occupied by the affected child. 


The first report on the birth order of Mongols was made by Mitchell in 1876 
in some notes contributed along with a paper by Fraser.? It appears from 
Mitchell’s data that his cases show a tendency to be born late in the family, 
but this fact is not emphasized particularly. As early as 1886 Shuttleworth’ 
said, “It is remarkable that, in our experience, nearly half these children are 
the last born of a large family.” Shortly afterward statements that Mongols 
were frequently the last born of large families were made by Robert Jones,‘ 
by Langdon-Down’* himself, and by Telford Smith.‘ 

A lengthy review of the subsequent literature on this question does not seem 
necessary. Brief quotations from two recent studies will show that the matter 
is still in dispute. Still’ has said of the cases he studied, “These figures demon- 


* Langdon-Down, J. Observations on an ethnic classification of idiots, London 
Hospital Reports, 1866, 3, 259-262. 

* Fraser, J. Kalmuc idiocy: Report of a case with autopsy, With notes on 
sixty-two cases, By A. Mitchell, J. Ment. Sci., 1876, 22, 169-179. 

* Shuttleworth, G. E. On idiocy and imbecility, Brit. Med. J., 1886, 1, 183-186. 

*Jones, R. The mouth in backward children (imbecile) of the Mongolian 
type, J. Ment. Sci., 1890, 36, 187-190. 

*Langdon-Down, J. Article on Forms of Idiocy, A Dictionary of Psycho- 
logical Medicine, edited by D. Hack Tuke, London, 1892. 

*Smith, T. The thyroid treatment of cretinism and imbecility in children, 
Brit. Med. J., 1896, 2, 616-618. 

* Still, G. F. Place in family as a factor in disease, Lancet, 1927, 213, 795-800, 
853-858. 
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strate what has long been recognized as a clinical fact, that the late born 
child is for some reason specially liable to Mongolism.” On the other hand 
Macklin’ at the conclusion of an extensive study says, “The Mongolian idiot 
tends to occur in each place in the family in the same proportion that the 
population as a whole occurs in these places, showing that there is no greater, 
liability for the Mongol to be born at the end of a large family than there 
is for it to appear at the beginning or middle of it.” It should be said, how- 
ever, that the statistical analysis of Schulz* has gone far to destroy the cogency 
of Macklin’s argument. 


SELECTION OF FEEBLEMINDED GROUP 


The present investigation is an attempt to study the birth order 
of 124 Mongols examined in the Psychological Clinic of the University 
of Pennsylvania from 1914 to 1934, and to compare the birth order 
of these Mongols with that of an equal number of feebleminded 
children not of the Mongol type examined during the same period. 
It seems convenient to refer to these two groups as the Mongol group 
and the feebleminded group, although of course it is to be understood 
that the Mongols are feebleminded. Approximately two thousand 
non-Mongol feebleminded children were examined during this period, 
and from these the feebleminded group of 124 cases was selected in 
the manner about to be described. 

Since Mongols generally represent the more profound degrees of 
mental deficiency, the feebleminded group was made up of children 
whose deficiency was rated as that of a low grade imbecile on the 
Barr Classification or lower. The accumulated evidence on the prob- 
lem shows that while in a few instances more than one Mongol may 
be born in a family, this occurs very infrequently. In no case in our 
group did we find more than one Mongol in the same family. Conse- 
quently the feebleminded group was made up of cases in which the 
affected child was the only feebleminded child in its family. It must 
be noticed therefore that certain types of familial feeblemindedness 
are excluded from the feebleminded group. We are thus dealing 
with a somewhat restricted group of feebleminded children but one 
which may for that reason be more directly comparable with the 


*Macklin, M. T. Mongolian idiocy: the manner of its inheritance, Amer. 
J. Med. Sci., 1929, 178, 315-337. 

*Schulz, B. Zur Genealogie des Mongolismus, Zsch. f. d. ges. Neur. u. 
Psychiatr., 1931, 134, 268-324. 
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Mongol group. While not all of the siblings of these feebleminded 
children were examined, only those cases were used in which it 
appeared from the case history and from the parents’ report that 
there were no other feebleminded children in the family. The records 
showed that 26 of the siblings of the feebleminded children had died. 
Many of them died in infancy and it is not possible to make a judg- 
ment of their mental status. The inclusion of these cases, however, 
probably leads to less error than the selection of feebleminded children 
from families in which no children have died. In the Mongol group 
34 dead siblings are reported. 

Since Mongols are likely to be recognized earlier than other 
feebleminded children because of their distinctive physical appearance 
and their pronounced retardation in development, for example in 
beginning to walk, it is important that the two groups be equal in 
chronological age. With each Mongol there was paired a feeble- 
minded child which did not differ from it in age by more than six 
months. In most cases the difference was very much less. The cases 
ranged in age from 2 years to 24 years with a median age of 7 years. 

Several accidental correspondences occurred in the two groups. 
Each was composed of 66 males and 58 females. Three pairs of 
twins were found in the families of the Mongols, and three pairs 
in the families of the feebleminded. In compiling the results these 
were counted as single births. In determining the birth order of the 
affected children, still births and miscarriages were counted as births. 


BIRTH ORDER 


What we mean by ‘birth order’ is really order of pregnancy, and 
in the following discussion this is to be understood. It is difficult 
to secure accurate information concerning miscarriages, partly because 
mothers are reluctant to divulge such information, and partly because 
in some cases the recollection of the mothers is very uncertain, par- 
ticularly in large families. In the Mongol group 28 miscarriages are 
reported : in 10 families, one miscarriage ; in 4 families two miscarriages ; 
in one family, three miscarriages ; and in one family seven miscarriages. 
It is interesting to note that in this last family there were no children 
born except the Mongol; one miscarriage occurred before the Mongol 
was born and six after it was born. In the feebleminded group 6 
miscarriages are reported: in 4 families, one miscarriage; in one family, 
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TABLE 1 


Number of Mongols Born in Each Birth Position 


in Families of Given Size 





BIRTH POSITION 





Total 
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two miscarriages. It will be noticed that there are more than four 
times as many miscarriages among the families of the Mongol group 
as among the families of the feebleminded group. This difference is 
so great as hardly to be accounted for by errors in the source of in- 
formation. 

Tables 1 and 2 show the birth order of the affected children in 
the two groups. An examination of these results shows at once that 
in the Mongol group there is a very pronounced tendency for the 
Mongol to be born late in the family. For example, 29 of the Mongols 
were found in families of two children; in 7 cases the Mongol was 
first born, in 22 cases it was second born. Again, of the 22 Mongols 
occurring in families of three children, none was first born, 9 were 
second born, and 13 were third or last born. It is true that among 
the II cases occurring in families of five children, 3 were first born, 
but this seems to be the only highly exceptional instance. Among the 
cases found in larger families of six or more children, we find only 
one which does not occur late in the family. This is the case referred 
to before in which the Mongol was the only child born, its birth 
being preceded by one miscarriage and followed by six miscarriages. 
It is to be remembered that in the presentation of the data and in the 
calculations miscarriages are counted as births. We may notice finally 
that, of the 79 Mongols occurring in families of more than two 
children, there are only 10, or 13 per cent, who are not either last born 
or next to last born in their respective families. 

In the feebleminded group, on the other hand, we find a somewhat 
different situation. For example, of the 35 cases occurring in families 
of two children, 19 are first born, and 16 second born. Of the 32 
cases occurring in families of three children, 9 are first born, 13 are 
second born, and Io are third or last born. In general we may say 
that among the smaller families in the feebleminded group the affected 
children are distributed in a manner not different from that expected 
by the operation of chance. In the larger families of the feebleminded 
group, however, this does not seem to be the case. The number of 
cases occurring in the larger families is small, but in these few 
families the affected children seem to be late born just as the Mongols 
are. Of I1 cases found in families of seven or more children, all 
are born quite late in the family. 

We may summarize the foregoing observations by saying that 
in the Mongol group the affected children tend to be born late in the 
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family, whether the family be large or small. In the feebleminded 
group the affected children are distributed as if by chance in the 
smaller families, while the few which occur in large families are born 
late. 


APPLICATION OF x’ TEST 


The validity of these observations can now be tested by more ac- 
curate statistical methods. If families of only one child are excluded, , 
we find in the Mongol group 108 families, each containing an affected 
child. In these families there are a total of 480 children, each of 
which can be described, first, as affected or not affected, and second, 
if we divide equally the children born in the mid-position of families 
having an odd number of children, as born in the first half of its 
family or in the second half of its family. Of the 108 affected 
children, 18 are born in the first half of their families, and go in 


TABLE 3 


Affected and Not Affected Children in First Half and 
Second Half of Family 











AFFECTED NOT AFFECTED TOTAL 

Obs. Exp. Obs. Exp. Obs. & Exp. , 

A. Mongols 1 

2 

EEE bccecccceuse 18 54 222 186 240 T 
MEE adceeoteaten 90 54 150 186 240 
EE Sovecknckated 108 108 372 372 480 

x? = 61.936 

I! 

B. Feebleminded . 

WI nade eck dtee 44.5 50 135.5 130 180 , 
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the second half. If birth order of Mongols were a matter of chance, 
we would expect half the affected children, that is, 54, to be born in 
the first half of their families, and an equal number to be born in the 
second half. Thus we can construct Table 3 which shows the observed 
and the expected results for affected and not affected children in 
families containing Mongols. The results are such that the distribution 
is not likely to be considered a chance one. We can test the prob- 
ability that such a distribution might occur by chance by the use of the 


s 
x’ criterion”. The formula is x* = S$ (=) where m is the ex- 


pected frequency and m + x the observed frequency. For these re- 
sults in the Mongol group ,? proves to be 61.936. When x? = 6.635 
the probability that the results might occur by chance is .o1. With 
x? = 61.936 the probability is of course very much less. 


TABLE 4 


Affected and Not Affected Children in First Half and 
Second Half of Two- to Five-Child Families 











AFFECTED NOT AFFECTED TOTAL 
Obs. Exp. Obs. Exp. Obs. & Exp. 
A. Mongols 
jer 17 40.5 110.5 87 127.5 
BOP TE esccnctate 64 40.5 63.5 87 127.5 
DOR a edecqctditbcse 81 81 174 174 255 
x* = 39.968 


B. Feebleminded 


5 RS ee 44.5 43.5 83 84 127.5 

eR ee 42.5 43.5 85 84 127.5 

WP sides cos til 87 87 168 168 255 
x*=.07 





* For interpretation of x’ see Fisher, R. A., Statistical Methods for Research 
Workers, Edinburgh, Oliver & Boyd, sth ed., 1934, p. 80 ff. 
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In the feebleminded group there are 100 families when families 
of only one child are excluded. The observed and expected results 
for this group corresponding to the results already given for the 
Mongol group are shown in Table 3B. The fraction in the observed 
results arises from the division of cases occurring in the mid-position 
of families containing an odd number of children. Here x° is 1.676. 
The probability that these results might occur by chance is approx- 
imately .20. The difference between the Mongol and feebleminded 
groups is quite evident. At the same time it is possible that the results 
for the feebleminded group are not entirely the result of chance. It 
has been seen that in the larger families of the feebleminded group 
there is a tendency for the affected children to be born late. Table 4 
shows the results when larger families are eliminated, that is, in- 
cluding families of two, three, four and five children. For the Mongol 
group x’? is 39.968, and for the feebleminded group it is .o7. The 
probability that results such as those found for the Mongol group 
would occur by chance is still less than .o1, while the results for the 
feebleminded group are almost certainly due to chance. It can be con- 
cluded therefore that Mongols tend to be born late, even in small 
families. 


TENDENCY TO BE LAST BORN 


Our results can further be considered with respect to the tendency 
of affected children to be born not only in the second half of their 
families, but to be born absolutely last regardless of family size. Of 
the 480 children in the 108 families of the Mongol group considered 
in Table 3 each child is either affected or not affected, and also either 
last born or not last born. Since there is one affected child in each 
family, and of course one last born child in each family, we can say 
of the entire number of 480 children that 108 or 22.5 per cent are 
last born and 108 or 22.5 per cent are affected. If the percentage of 
last born among the affected were the same as in the entire group, we 
would expect 22.5 per cent of the 108 last born to be affected, or 
we may say that the expected number of last born affected is 24.3. 
However, the results as tabulated in Table 5A show that 66 of the 
last born are affected. Corresponding results for the feebleminded 
group are shown in Table 5B. 
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TABLE 5 
Affected and Not Affected Children Last Born and 
Not Last Born 
AFFECTED NOT AFFECTED TOTAL 
Obs. Exp Obs. Exp Obs. & Exp. 

A. Mongol 
SSD vcneceunren 66 24.3 42 83.7 108 
Not last born ...... 42 83.7 330 288.3 372 
Ce ee 108 108 372 372 480 

x? = 119.142 

B. Feebleminded 

3 ear 37 27.78 63 72.22 100 
Not last born ...... 63 72.22 197 187.78 260 
WED -stddaroneubund 100 100 260 260 360 

x’? = 5.798 

TABLE 6 


Affected and Not Affected Children Last Born and 
Not Last Born, Families of Two to Five Children 











AFFECTED NOT AFFECTED TOTAL 
Obs Exp. Obs Exp Obs. & Exp. 
A. Mongol 
Last BOER ..ccccccce 49 25.73 32 55.27 81 
Not last born ...... 32 55.27 142 118.73 174 
EE -Watibiawiedess 81 81 174 174 255 
x* = 45.200 
B. Feebleminded 
Be BD cccenscncs 31 28.11 56 58.89 87 
Not last born ...... 56 58.89 112 109.11 168 
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These results may now be treated as were those in the previous tables. 
For the Mongol group ,’ is 119.142, a figure which requires no com- 
ment. For the feebleminded group x? is 5.798, the probability that 
the results found for this group might be produced by chance is .05. 
Factors other than chance may operate here, although we can not be 
so certain of this fact as in the case of the Mongols. When only 
families of two, three, four, and five children are considered, y” is 45.200 
for the Mongol group and .658 for the feebleminded group. The 
probability that the proportion of last born affected found in the 
Mongol group might occur by chance is still less than .or1. In the 
feebleminded group the probability is between .30 and .50. 


CONCLUSIONS 


1. In families containing a Mongol there is a tendency, demon- 
strated to be statistically significant, for the Mongol to be born late 
in the family. This is true of smaller families containing from two 
to five children, as well as of the group as a whole. 

2. In families of five or less children containing a feebleminded 
child, not of the Mongol type, the birth position of the affected child 
is a matter of chance. When all families in this group are considered, 


although the probability that the birth position of the affected child 
is determined by chance is diminished, it is still very much higher 
than in the families containing Mongols. 
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HAND SIZE IN WORKING WOMEN* 


BY LEONA M. BAYER, M. D., AND H. GRAY, M. D. 








necessary to have standards in normals comparable to the 
run of patients in hospital and clinic. Since these could not 
= =4) be found for women, we published in 1934 such standards 
for body and head. Hand contours and measurements had also been 
made on 94 of the original women, and since then have been collected 
on 6 additional women selected according to the same criteria and be- 
longing to the same decade as those replaced. The human hand has re- 
ceived frequent mention, but little close attention. It has been noted so 
often at the bedside, that certain endocrine disturbances are rather 
glibly predicted on the basis of suggestive appearance: the trident hand, 
tapering hand, etc. This is sound enough for those phenomena which 
make the patient more or less of a caricature. But for moderate degrees 
of variation from the average, a more precise approach is desirable; 
that is, existing meager measurements should be replaced by more com- 
plete standards for this organ. 


MATERIAL AND MEASUREMENTS 


For a detailed account of the selection of subjects, reference may 
be made to the 1934 paper. Suffice it to say here that they were working 
women, ranging in age from 20 to 60 years, that they were of North 
West European stock, that they were in good health and had a history 
of good health, that their menses were normal, that their weight was 
within 15 per cent of that predicted by the Medico-Actuarial tables, and 
that they had no history of obesity or of large weight fluctuations. 

The close similarity of the present series of women with the 100 used 
in the build paper is sufficiently shown by the negligible differences 
between the averages for age, stature and weight in the two series. 


*From Stanford University School of Medicine, aided by the Rockefeller 
Fluid Research Fund. 





Age:36.25 +.69 Years (20-60) 


Working Women 
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TABLE 1 


TABLE OF CONSTANTS 


NW. Stock 
Measurements : Metric 


N=100 
Diagnoses: Normal 





Measurement 


Mean + PE 


SD +t PE 





Ray Y 

Finger Length 
Palm Length 
Hand Breadth 
Bi-Styloid Breadth 
Hand Circumference 
Palm Circumference 
Wrist Circum ference) 


126.020 
170.740 
177.790 
168.600 
146.880 
91.680 
86.030 
61.150 
51.220 
188.640 
198.450 
154.790 


395 
552 
256 
595 
506 
349 
305 
364 
169 
586 


640 
656 


5.824 2% 
8.164 390 
8.257 395 





Above named 
measurements 
in percent of 
Stature 


7.796 
10.507 
10.999 
10.450 

9.079 

5.674 

5.867 

5.040 

3.174 
11.700 
12.296 

9.608 


£19 








Above named 
measurements 
in percent of 
Hand Length 





70.885 
96.000 
94.720 
82.550 
51.580 
48.400 
45.880 
28.865 
106.325 
111.715 
87.435 




















—a ee Oe ee oe a row ee | 





HAND SIZE IN WORKING WOMEN 


Stature Weight 
in mm. in k. 
1615.424.2 61.48.49 
1616.64.1 61.38.49 

The technique has been precisely described in our 1933 paper on 
Hand Method. The only changes from our original recommendations are 
the following: (1) The proximal landmark for hand length is carpale 
(ca), which is the midpoint of a line joining the tips of the styloids, and 
should have been so stated in the earlier paper, p. 402, line 14. (2) Palm 
length is a new item, derived by subtracting finger length from hand 
length. 

The dimensions taken on the contour (cf. Figs. 7 to 9 in paper on 
Method) are: Hand length and ray lengths from carpale, hand breadth 
over the metacarpal prominences, and the now abandoned measurement 
over the’ bistyloid eminences. The dimensions taken on the subject 
directly are: Finger length from tip of mid-finger to base of the proxi- 
mal phalanx (ph), bistyloid diameter at lateral bulges of the styloids 
with firm pressure, wrist circumference proximal to lateral bulges of 
the styloids with light pressure, hand circumference around metacarpal 
heads, and maximum palm circumference. 

The raw data are too voluminous to be reproduced. The fundamental 
constants are shown in the Table of Constants (Table 1). 

Comparable averages in the literature are few, owing to dissimilar- 
ities in racial origin and in method of measurement, but so far as found 
will be recited below, as the various traits are treated in the order of 
the table of constants. 


ABSOLUTE DIMENSIONS 


Hand Length (HL or Ray III)—The following evidence on Amer- 
ican white women may be compared: 


Mean P.E. 


San Francisco (Our data 1708 + 6 
New York (Draper 171.8 
Cleveland (Todd & Lindala 1718 +13 
Smith College (Wilder & Pfeiffer 1924) 177.6 


The marked divergence of the last named is hard to explain. The 
larger sizes of Draper’s and of Todd’s series are contrary to expectation 
because they used as proximal landmark the radial styloid, which we 
found in our 1933 paper, p. 397, 400, to give a hand length about 3 
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millimeters shorter than measuring to the middle of the bistyloid line 
(carpale) ; however the difference is statistically without significance, 
so that the three averages agree remarkably. 


Ray Formula—The ray formula is the order of relative length of 
the hand elements measured from carpale to the tips of the five 
fingers. Our values coincide with earlier series in showing the middle 
ray or hand length always the longest, and the thumb always the shortest. 
Three formulae are found. The commonest is III, II, IV, V, I; variants 
depend on the relative order of the index-ray II and ring finger-ray IV, 
whether it be II>IV, II<IV, or II=IV. Schultz confirms the usual 
formula in man, but states that II<IV is the rule in the gorilla. Wood 
Jones alone gives II<IV as the rule in man. The percentage frequency 
of the three formulae follows: 


San White adults Germans 
Francisco (Schultz) (Pfitzner) 


SE an TIT tonal ciara diameraca- eave 70 23 87 
ot Mi as phdvcecknssacetheass 18 18 13 
Be Fi cas ie cnccdueccds totes. 12 59 o 


Regarding sex difference in the formula, Schultz 1926 wrote: “Most 
authorities agree that an index finger longer than ring finger is more 
frequent in women than men”. That is, they consider the exceptional 
formula II<IV is commoner in males. On this sex question our evidence 
is at present insufficient. 

Midfinger length (FL)—Our average of 91.7 mm.+.3 agrees suf- 
ficiently with 90.1 on the New York women, but is markedly less than 
97 for Jews and 99 for Lithuanians given by Martin. 


Hand breadth (HB)—The San Francisco women have broad hands: 


81.2 mm., versus 76.3 for New York women and 69.7 for the Cleveland 
female cadavers (post-mortem desiccation), 


Wrist circumference—Our mean 155 mm. was eleven percent bigger 
than 139 mm. found on Cleveland cadavers, presumably because of post- 
mortem shrinkage in the latter. 


DIMENSIONS RELATIVE TO STATURE AND TO HAND LENGTH 


Hand length (HL/S)—The length of the hand is known to increase 
with the increase of stature; r=.74 in the present series. For the index 
HL/S our result matches others well : 
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Sam PemmeeGascaidias sds s Caiwkce iciisands 11.0 
Qe Cia ox sats's ee annie cnete nh «> 10.8 
Seven European races in Martin........... 10,8—12.2 
Seven European races in Martin averaged 

By Chan snvecnsdaacess cncdeaseeiensdese 11.2 


Hand breadth (HB/S)—Our result, 5.0 per cent, agrees exactly 
with that reported for Baden women by Martin. 


Ray Lengths/HL—tThe relative lengths of the other rays to the 
central ray III of the hand (HL), expressed in percent of hand length, 
were: 

Vv IV III II I 
83 95 100 96 71 


The only comparable value we find is in Schultz for the ratio be- 
tween the thumb-ray I to hand length, namely 69, reasonably close to 
ours. 


Hand Index (HB/HL)—Our women’s hands were broader in rela- 
tion to length, i.e.; index 45.9 percent, than in the groups found for 
comparison, namely: 45.6 in Baden women (Martin), 45.0 in “homo” 
(Schultz), 44.6 in New York women (Draper). Racial differences are 
said by Martin to consist in slender hands in Hamitic stocks, pygmies, 
eastern Asiatics and Jews, as against plump hands in Ainos, Letts and 
Lithuanians. 


CORRELATION COEFFICIENTS 


It is interesting to consider the relation of hand shape to body shape. 
Dolichomorphism of the hand is related to slenderness of the body in 
only a slight degree, according to Martin. For the present series we 
plotted the hand index against cephalic index (B/L), chest index 
(AP/T), facial index (MN/BZ), and relative pelvic bi-cristal diameter 
(BC/S). Not one of the four plots appeared good enough to merit 
calculation of the coefficient of correlation. Hand breadth and absolute 
bi-cristal diameter yielded an r of only .307. 

Better results were obtained on correlating stature with the several 
lengths ; with hand length r=.740, with finger length .707, and with palm 
length .591. Body weight was rather closely related to wrist circum- 
ference with r=.667. 

Considering now the relation of some hand measurements to each 
other, the hand circumference around metacarpal prominences was 
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closely paralleled by maximum palm circumference, with r=.887. The 
palm circumference was larger in all cases but one, in which the girths 
were equal. The difference averaged about five percent; naturally if in 
any study, race or occupation (heavy manual exercise) should be thought 
to play a part, a greater difference between the two girths would be 
expected. 

The wrist breadth (bi-styloid) as measured on the living and on 
contours of the same women’s hands, yielded surprisingly poor correla- 
tion, r=.527; the explanation is partly the difficulty of locating the land- 
marks on the contour and partly the difference in pressure (nearer the 
bone in the living measurement). Since there seems little use for having 
two measurements of wrist breadth, and since our preference is for the 
bony breadth, the measurement on the drawing will be dropped in the 
future. This decision was confirmed by the fact that the standard devia- 
tion was significantly greater on the contour measurement, thus showing 
it to be more variable. The mean value for the bi-styloid breadth in the 
drawing was 57.4.2, whereas the bony measurement was 51.2 mm.+.2, 


SUMMARY 


Hand measurements have been made on 100 normal working women 
who were selected so as to be as homogeneous as possible with respect 
to the factors of economic status, age, racial stock, health and weight. 

Comparisons are made with some other available values on Ameri- 
cans and Europeans. There are few such series, their averages differ 
in certain respects significantly, and they cover fewer traits. 

The present standards now permit precise study of the hand of the 
American white woman whenever it be thought unusual in size or shape. 

We have enjoyed the assistance of Messrs. D. R. Pratt, S. L. Rea, 
and Y. D. Wing. 
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BLOOD GROUPS OF TUNGUS 


BY B. N. VISHNEVSKY 


Anthropological Department, Institute of Anthropology and Ethnography, 
Academy of Sciences of USSR 





SHE problem of the racial significance of the blood groups 
ai) still continues to attract the attention of the specialists. This 
lj) may be seen in the lively discussion about blood grouping 
=) which took place in the section of Anatomy and Physical 
Anthropology of the First Session of the International Congress of 
Anthropological and Ethnological Sciences in London reported in one 
of the late numbers of Nature. 





R. Ruggles Gates is quite right when he states that “there appear to be certain 
cases at least in which a knowledge of the blood grouping will throw light on 
the racial relationships.” To confirm this opinion Gates and Darby (Journ. 
Royal Anthrop. Inst., Vol. 64, 1934) show the data of blood grouping and 
physiognomy of British Columbia coastal Indians. Anthropologists have fre- 
quently pointed out that these tribes are more Mongoloid in appearance than 
other Amerinds. On the basis of the blood tests of 300 individuals the authors 
have proved that the British Columbia coastal Indians “are not a later Mongo- 
loid wave but resemble other Amerinds in blood groups and other essentials.” 


THE RELATIONSHIP OF ASIATIC AND AMERICAN INDIAN RACES 


This interesting work of the above mentioned authors raises a series 
of ethnological questions concerning the problem of the relationship 
of Asiatic races and American Indians. Owing to the lack of materials 
on isohaemagglutination of the Asiatic peoples this problem is rather 
difficult to solve by means of the serological method. 

The general view of the origin and geographical distribution of the 
blood groups, though genetically sound, presented a certain difficulty 
when applied to the relatively non-crossed Amerinds and Eskimos. Both 
show a predominance of the I (Ogg) blood group. But such O condition 
is generally regarded as the most primitive for the human race. How- 
ever, a series of peoples more primitive than Amerinds and Eskimos 
does not show such a high percentage of the I (Ogg) blood group. As an 
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example we may take the Australian aborigines of whom 678 persons 
tested gave the following result: I (Ogg) 51.62 percent, II (Ag) 45.13, 
III (B*) 2.51, IV (AB,) 0.74 (from Tanemoto Furuhata, Value of 
Blood Grouping in Anthropology, 1933). 

The solution of this problem may be found from the data of blood 
grouping of those peoples which are the most closely related to the 
American Indians and Eskimos. 


Russian and American ethnographers and linguists have already paid great 
attention to the Paleasiatic group (Chukchi-Koryak-Kamchadal, Yukaghir- 
Chuvantsy, Eskimo-Aleut, Kets or Veniseians, Gilyaks) which are close to the 
American Indians in their culture and language. An eminent American anthro- 
pologist, A. Hrdlitka, basing his conclusions on anthropological data obtained 
in North and Eastern Asia and on the Asiatic Islands, says that some of the 
tribes show a great resemblance in physical features to the American Indians. 

Hrdlitka’s attention was mostly attracted by the Tungus and especially by 
the south Tungus or at least some groups of them whose resemblance to Amer- 
ican Indians was striking: “It is such a resemblance, in color, physiognomy and 
all features of the body, that we cannot but feel there must be here an identity 
of stock, and a unity in perhaps not a very far distant past” (Science, 1920, 52, 
No. 1355). 


Hence we see what great anthropological interest the peoples of 
the North and especially the Tungus possess for the solution of im- 
portant ethnological problems connected with the Northern coast of 
the Pacific Ocean. 

But unfortunately data on the blood groups of the peoples of the 
extreme North, from the Ural mountains to the Pacific Ocean through 
the whole of Northern Siberia, are completely lacking, as is clearly 
seen in the schematic maps of Routil (Biologia Generalis, 1932, Vol. 8). 
This may be easily explained by the vast territory of North Asia, the 
sparse population of aborigines scattered through the tundra and tayga 
(northern forest) and the consequent great difficulty of communication. 

Taking this into consideration the author has resolved to start with 
the collection of data on blood groups as well as on other anthropological 
features by investigating the students of the Institute of the Peoples 
of the North who every year come to Leningrad from the most remote 
and various parts of the European and Asiatic North from the Kola 
Peninsula to the Chukchi Peninsula and Kamchatka. This work began in 
1927 and is still in progress. 

The work is handicapped by the small and inadequate number of 
individual representatives of each of the 26 nationalities represented. 
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Investigations of blood groups ought to be done on a much more com- 
prehensive scale. 


BLOOD GROUPS OF THE TUNGUS 


During these last eight years a sufficient number of observations 
(about 200 individuals) was obtained only on the Tungus-Manchurian 
group, especially on the Tungus, who call themselves Evenki. 

Hrdlicka’s opinion about the similarity of the American Indians to 
the southern Tungus, whom he distinguishes from those of the North, 
was mentioned above, though it is not clear which of the nationalities 
he understood by the former and which by the latter. To be more 
specific, as is essential for this work, the author gives the division of 
the Tungus-Manchurian group now adopted by the Tungus linguists 
(J. P. Alkor-Koshkin). In Table 1 is also given the number of these 
nationalities according to the data of the Census of 1926-1927. If we 
take into consideration that the whole number of the peoples of the 
extreme North, according to the above mentioned Census, is 135,237, 
we may see that the Tungus-Manchurian group and among them the 
Tungus in the proper sense of the word are relatively the most numerous 
nationality. 


TABLE 1 


Population of Tungus-Manchurian Tribes in 1926-1927 











NATIONALITY NUMBER 
a. Tungus 
1. Evenki (Tungus in the proper sense of the word).... 38,804 
@. Te CORD ic ene cies sd ceravceecskecies 683 
Pe es en prea rr ty OPT ee rye ere 2,044 
b. Manchu 
w Biee CR: GED dik casks cticscacccsiicdinn 5,860 
ee TT eer rT 885 
TD n0nasesivecncsseubiisusbuasupesaustheauhndiweue 1,357 
Pee CRD oc cecoceuhves cues atuseduseiaenenss 646 
Total 50,279 








The material given below on the blood groups concerns only the 
Tungus in the proper sense of the word (Evenki). They occupy the vast 
territory of Siberia from the Enisei River on the West to the coasts of 
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the Pacific Ocean on the East and from Taimyr Peninsula on the North 
to the Baikal Lake on the South. 

The persons examined, mostly men of the ages of 19-23, came from 
15 different districts of the East-Siberian Territory, 14 districts of 
the Yakut and Buryat-Mongolian Republics and 14 districts of the 
Far-Eastern Territory and Sakhalin. 

The sera for this work were prepared in the Anthropological De- 
partment of the Museum of Anthropology and Ethnography of the 
Academy of Sciences and in the Bacteriological Laboratory of the 
All-Union Institute of Experimental Medicine. The sera were fre- 
quently verified on persons whose type of blood group (A and B) was 
known beforehand. Some students were tested repeatedly (2-3 times) 
with the same result. The macroscopical method was applied with 
two standard sera (A and B) and in some cases with three standard 
sera (A, Band QO). 

No difference was observed, either in the matter of the reaction 
itself or in its rate when compared to the investigations made on 
Europeans. 

From Table 2 it is seen that the percentage of O group is very 
high (60.2 percent); the distribution of the A and B blood zroups 
shows a Mongoloid type (A < B); the percentage of the AB blood 
group is small (2.7 percent). 


TABLE 2 


Distribution of Blood Groups among Tungus (Evenki) 








eeees N I II III IV 
(0,8) (Ag) (B,) (AB,) 

pe ee 224 135 36 47 6 
PRE Pr Te 60.2 16.1 21.0 2.7 

INE Pe 54 32 6 15 I 
ES SS er 59.2 II.1 27.8 1.9 

Yakut and Buryat Mongol- 

NO ad de eidaieane 45 28 5 10 2 
DT c.ctennhoaesalaces 62.2 11.1 22.2 4.4 

Far East Territ. and Sakhalin. 46 27 10 8 I 
DEES sacehsenteatseenss 58.6 21.7 17.4 2.2 
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We divide our material into three groups, a western with the 
Evenki of the East Siberian Territory, a central with the Evenki of 
the Yakut and Buryat-Mongolian Republics and an eastern with the 
Evenki of the Far-Eastern Territory and Sakhalin. We have not 
complete data of the birthplace of all the persons examined, there- 
fore the territorial groups are not so numerous as the whole material. 

From Table 2 it is seen that all three territorial groups retain the 
high percentage of the O blood group. The Evenki of the western 
and central territorial groups show the relation A < B whereas the 
Evenki of the eastern group have the reverse relation (A > B) with 
the same high percentage of the O blood group and a small percentage 
of the AB group. However, we cannot be sure of the significance 
of the blood group relation of the eastern Evenki in consequence of 
the paucity of the tested persons. Notwithstanding it is interesting to 
point out a certain similarity of their type of the blood group relation 
with the data received by Kishi on 62 Gilyak of Sakhalin who, how- 
ever, show less percent of the O blood group (the Evenki, 58.6 per- 
cent; Gilyaks, 50.0 percent). 


BLOOD GROUPS OF OTHER ASIATIC PEOPLES 


The Evenki do not show any similarity in their blood group type 
with the other nationalities of Northern and Eastern Asia as is already 
proved by tests made on Ostyaks, Yakuts, Buryats, Mongols, Golds, 
Manchu, Chinese and Korean. 

We find also no similarity with the island peoples such as Japanese, 
Ainu, Oroki, Igorotes (Philippines) and the tribes of Formosa with 
the exception of the Tso-o living in the interior mountains of Formosa, 
of whom 117 persons were examined by Kirihara and Haku, and the 
most isolated Ainu from the Lu Chu Islands, of whom 262 persons 
were examined by the same authors. They show a high percentage 
of the O blood group (the Tso-o, 63.3 percent and the Ainu 63.9 per- 
cent). 

The Paleasiatics who have been examined by the author (Proceed. 
23rd Intern. Congr. Americanists, p. 891, N. Y., 1930), unfortunately 
only 33 individuals, also do not show any similarity to the Evenki in 
their blood group type. 
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BLOOD GROUPS OF AMERICAN INDIANS AND ESKIMOS 


I cite here the summarized figures of Furuhata (1933) concern- 
ing the blood groups of American Indians in order to show their simi- 
larity to the Evenki in the high percentage of the O blood group. The 
4,877 persons tested gave the following blood group distribution in 
percent: I (Ogg) 77.7; II (Ag) 19.5; III (Ba) 2.3; IV (AB,) 0.5. 
The comparison with the summarized figures for the Eskimos given 
by the same author presents a certain difficulty for me as most of the 
Eskimos tested in Greenland must have some European blood. The 
more pure-blooded “Polar Eskimos,” of whom 124 were examined 
by Heinbecker and Pauli (1927) in the Thule district of northwest 
Greenland, show a very high percentage (80.7) of the O blood group.’ 

However, it is a very interesting fact that the Eskimos living near 
the mouth of the Mackenzie River of whom 16 were tested by Pro- 
fessor R. Ruggles Gates, have shown only 25 percent of the O blood 
group and a Mongoloid relation of the A and B blood groups (A—25 
percent; B—44 percent). 

The testing of the Asiatic Eskimos and those of Alaska as well as 
Aleuts and some of the Paleasiatics especially the Chukchi, Kets and 
continental Gilyaks is of high interest. 

New materials on the blood grouping may throw a new light on the 
relationship of the aborigines of Siberia to the American Indians and 
Eskimos. 


*I have the pleasure to thank Professor R. Ruggles Gates for his kindness 
in sending me the full compilation of the blood groups of the Eskimos. 
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THE PREDICTION OF STATURE OF NORTH 
EUROPEAN MALES THROUGHOUT THE 
ELEMENTARY SCHOOL YEARS! 


BY HOWARD V. MEREDITH 


Iowa Child Welfare Research Station, State University of lowa, Iowa City, Iowa 





PURPOSE 


| I HAS been shown (1), for a sampling of forty Iowa City 
white males, that the T-score or percentile position of an 
individual in his age group (for stature) fluctuates but 
==) slightly throughout the elementary school period and that, 
in consequence, 





the T-score or the percentile technique furnishes a reasonably refined instru- 
ment for predicting the stature of the individual Iowa City white male at eleven 
years of age from his stature measurement at six years of age. (1, p. 109) 
The purpose of the present study was to test the finding of this pre- 
liminary investigation by applying the T-score method of prediction 
to a much larger sampling of North European males drawn from the 
elementary school population of Massachusetts.” 


SUBJECTS 


The subjects were 263 North European males in attendance at the 
public schools of Beverly, Medford, and Revere (three small cities 


*The data analyzed in this paper were generously made available by Professor 
Walter F. Dearborn, Director of the Psycho-Educational Clinic, Graduate School 
of Education, Harvard University. Acknowledgment is also made to the growth 
study staff for their courtesy in facilitating use of the records. 

*Parenthetically, it is of interest to note that the problem of this study coin- 
cides with one of the expressed objectives for the analysis of the Harvard growth 
study material. In a paper published prior to the writer’s contact with the growth 
study staff, Lincoln stated that while the cumulative records on file at Harvard 
would not permit taking a series of measurements early in a child’s life and using 
it for prediction of the child’s status at a remote date, yet, “it should be possible 
to make tentative short-range predictions which will be of great value.” (2, p. 10) 
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in the vicinity of Boston) during the years 1923-1928. Two methods 
had been used to determine the racial stock of the subjects. Initially 
the growth study staff had employed geographical and sociological 
criteria. Here, the main basis of classification had been the birthplace 
of the parents, but the language spoken in the home and the family 
name had also been used. The North European subjects as determined 
by this approach included “descendants from the old American stock 
together with more recent arrivals from the British Isles, Germany, 
Scandinavia, and the Baltic States, as well as English-speaking Canad- 
ians and Newfoundlanders.” It had been decided later to differentiate 
racial stocks in a strictly anthropological manner. Criteria involving 
nationality, language, and culture had here been abandoned and classi- 
fications made in terms of a combination of physical items such as 
skin pigmentation, facial features, eye and hair color, form of hair, 
type of build. The disagreements for the two methods of racial group- 
ing had been found not to involve more than four per cent of the 
subjects (3, p. 7). The “North European” subjects of the present 
study were so classified by the method of the anthropologist. 


MEASUREMENT TECHNIQUE 


Stature measurements were made with a Model Martin No. 1 
anthropometer. The anthropometer was mounted on a wooden box to 
which was attached a backboard 25 cm. wide and 185 cm. high. Dur- 
ing measurement the subject stood erect on the base box of the anthro- 
pometer with heels together and arms hanging naturally at the sides. 
The heels, calves, buttocks, and shoulders were in contact with the 
backboard, and the head was so held that the visual as well as the 
biauricular axes were horizontal. The sliding arm of the anthropo- 
meter was brought down to the highest point on the top of the head 
with gentle but sufficient pressure to feel the resistance of the skull. 
Measurements were taken without shoes and determined to the near- 
est millimeter. 


*Extract taken from an unpublished preliminary report of the Harvard growth 
study. Pp. 280 ms. (p. 12) 

‘From an unpublished preliminary report of the Harvard growth study. 
Pp. 280 ms. (pp. 18-19) 
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THE DATA 


The data utilized in the present study consisted of 789 stature 
values on 263 North European males. These data represented stature 
values for the same 263 males at approximately seven, nine, and eleven 
years of age. They were obtained from the permanent record files 
of the Harvard growth study. The records were taken from the files 
in serial order and accepted for tabulation in every instance where 
stature values were available for a North European subject within 
each of the age ranges 6 years, 9 months to 7 years, 3 months; 8 years, 
9 months to 9 years, 3 months; and 10 years, 9 months to II years, 
3 months.’ Each stature value taken from the permanent records 
represented the average of two stature measurements—one by each 
of two independent anthropometrists.* 


METHOD OF PREDICTION 


A T-score graph was constructed for each of the three age inter- 
vals within which the data were selected to fall. The method of 
constructing the T-score graph based on the 263 stature values dis- 
tributed over the age interval 6 years, 9 months to 7 years, 3 months 
was as follows: 


1. Tabulation of the values into a frequency distribution 

2. Computation of the number of boys exceeding each class interval 

3. Determination of half the frequencies falling within each class interval 

4. Calculation of the per cent of boys exceeding plus half those reaching each 
interval 

5. Reading of the standard deviation value corresponding to each per cent 
from Table 23 of McCall’s text (5, pp. 274-5) 

6. Plotting of the T-scores, using equidistant T units for the ordinate scale 
and class interval midpoints as the abscissa units 


Comparable graphs were obtained from the 263 stature values at each 
of the ages 8 years, 9 months to 9 years, 3 months; and Io years, 
9 months to II years, 3 months by a similar procedure. 


*Since examinations had been made annually, the stature values for any given 
individual were evenly spaced, e. g. at 6 years, 10 months; 8 years, 10 months; and 
Io years, 10 months. 

‘In the event that the two measurements had not agreed to within half a centi- 
meter at the time they were taken, it had been the customary field practice to have 
them checked and obtain two independent observations within this margin. 
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The method of prediction was that of determining the T-score cor- 
responding to the stature value for a given individual boy at seven 
years of age and then reading from the nine and eleven year graphs 
the respective stature predictions which were equivalent to this T-score. 
The predicted stature at nine years minus the stature value at nine 
years obtained from measurement gave the error of prediction for 
each individual over a two-year age span. The error of prediction 
over the four-year age period from seven to eleven years was obtained 
for each of the 263 boys by subtracting his observed stature at eleven 
from his predicted stature at that age. 


FINDINGS 


Distribution of the errors of prediction for the 263 North Euro- 
pean males at nine years and at eleven years yielded the figures of 
Table 1. 


TABLE 1 


Distribution of Errors of Prediction of Stature 














FREQUENCIES FREQUENCIES 
INTERVALS OF ESTIMATED AT NINE YEARS AT ELEVEN YEARS 
MINUS OBSERVED OF AGE OF AGE 
DIFFERENCES NUM- PER NUM- PER 
BER CENT BER CENT 
Above +2.5 cm. ad ae 8 3.0 
+1.6 to +2.5 cm. 9 3.4 31 11.8 
+ .6 to +1.5 cm. 72 27.4 61 23.2 
— .5 to + .5 cm. 113 43.0 83 31.6 
— 6 to —I.5 cm. 56 21.3 54 20.5 
—1.6 to —2.5 cm. 13 4-9 21 8.0 
Below —2.5 cm. ila iat 5 1.9 
Totals 263 100.0 263 100.0 





Examination of the percentage figures for the nine-year-old boys showed 
that 91.7 per cent of the differences between observed stature at nine 
years and stature predicted for nine years from observed stature at 
seven years were not in excess of +1.5 cm. The mean error of pre- 
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diction over this two-year age span, disregarding signs, was found 
to be .75 cm. For only two boys was the error of prediction at nine 
years greater than 2.0 cm.; in one instance the estimated-minus-observed 
residual was +2.4 cm. while in the other instance it was —2.I cm. 
The mean error of the 263 stature predictions at eleven years of 
age from stature observations at seven years of age, signs being dis- 
regarded, was found to be 1.07 cm.’ Ninety-five per cent of the pre- 
dictions over this four-year span were not in error more than +2.5 
cm. The maximum error of prediction was 3.7 cm. Expressed in 
relation to the standard deviation of the distribution for stature at 
eleven years, the mean error of prediction for the 263 boys was 
equivalent to 0.17 sigma and the largest error of prediction equalled 


0.6 sigma. 


CONCLUSION AND COMMENT 


The findings reported above appear to justify the conclusion that 
the T-score or percentile technique furnishes a reasonably refined in- 
strument for predicting the stature of the individual North European 
male of the public school population throughout his elementary school 
years. If a zone is allowed for the influence of differential health con- 
ditions and other factors which may modify growth in stature, the 
T-score technique would seem to be a highly accurate method of pre- 
dicting “expected stature” for the age period and type of population 
here studied. 
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Sux, V. Anthropological aspects of blood grouping. Publications de la Faculté 
des Sciences de l'Université Masaryk, No. 195. Pp. 9. 9 X 6 inches. [1 
bibliographic footnote]. 

Tao, Yun-xuer. Chinesen-Europaerinnen-Kreuzung. Zeitschrift fiir Morpholo- 
gie und Anthropologie, Bd. 33, pp. 349-408 + 25 plates, 1935. [Bibliography 
of 53 titles]. 

Werner, M. Zwillingsphysiologische Untersuchungen tiber den Grundumsatz 
und die spezifisch-dynamische Eiweisswirkung. Zeitschrift fiir induktive 
Abstammungs- und Vererbungslehre, Bd. 70, pp. 467-471, 1935. [Biblio- 
graphy of 5 titles]. 


6. Eugenics 


Fiscuer, Eucen. Das Erbgut der Sippen. Mein Heimatland, Heft 11/12, pp. 
357-365, 1935. 


II. GROUP BIOLOGY 
1. Environment of Man 


Burcer, J. WeENpDELL, and STANLEY THomas. Tastes and odors in the Delaware 
River. Journal of the American Water Works Association, Vol. 26, pp. 120- 
127, 1934. [4 bibliographic footnotes]. 

FRENZEL, GERHARD. Untersuchungen iiber die Tierwelt des Wiesenbodens. Jena 
(Gustav Fischer), 1936. Pp. v + 130. 9% X 6% inches. 6 marks (paper). 
[Bibliography of 157 titles]. 

Lumpy, J. R. Salinity and Temperature of the English Channel. Atlas of 

Charts. Ministry of Agriculture and Fisheries, Fishery Investigations, Series 
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II, Vol. XIV, No. 3. London (His Majesty’s Stationery Office), 1935. 27 
charts. 21 X 15 inches. I shilling, postage extra (paper). 

Lumsy, J. R. Salinity and Temperature of the English Channel. Estimation 
of Mean Values for the Upper Water Layer over the 25-Year Period 1903 

to 1927. Ministry of Agriculture and Fisheries, Fishery Investigations, Series 

II, Vol. XIV, No. 3. London (His Majesty’s Stationery Office), 1935. Pp. 
67 + 3 charts + 83 pp. tables. 105 x 7% inches. 7 shillings, postage extra 
(paper). [Bibliography of 41 titles]. 

Ricuts, F. L., and W. J. Gopxrn. Bacteriological analyses of chlorinated and 
dechlorinated water samples from swimming pools. Lehigh University Pub- 
lications, Vol. 10, No. 1, The Institute of Research, Circular No. 116, Science 
and Technology, No. 97. Pp. 12. [2 bibliographic footnotes]. 

SCHOENICHEN, WALTHER. Urdeutschland. Deutschlands Naturschutzgebiete in 
Wort und Bild. Lieferungen 13, 14. Neudamm (J. Neumann), 1935. Lief. 
13, Pp. 1-24 + 9 plates; Lief. 14, pp. 25-49 + 9 plates. 1034 X 8% inches. 
2 marks each (paper). 

Tuomas, STANLEY, and J. WENDELL Burcer. Chlamydomonas in storage reser- 
voirs. Journal of the American Water Works Association, Vol. 25, pp. 991- 
998, 1933. [10 bibliographic footnotes]. 

Union or SoutnH Arrica, Office of Census and Statistics, Pretoria. Report of 
the Agricultural and Pastoral Production of the Union of South Africa, 
1933-34. Agricultural Census, No. 14, 1934. Pretoria (Government Printer), 
1936. Pp. 36. 13 X 8% inches. 2s. 6d. (paper). [In Dutch and English]. 

WaksMAN, SELMAN A. Humus. Origin, Chemical Composition, and Import- 
ance in Nature. Baltimore (Williams and Wilkins Co.), 1936. Pp. xi + 
494. 9 X 5% inches. $6.50. [Bibliography of 1311 titles]. 


2. Public Health and Hygiene 


AMERICAN ASSOCIATION OF MepicaL MrtK Commissions. The Facts About Cer- 
tified Milk. 1265 Broadway, New York, 1936. Pp. 15. 9 X 6 inches. 
Cu’en, C. C. The rural public health experiment in Ting Hsien, China. Milbank 

Memorial Fund Quarterly, Vol. 14, pp. 66-80, 1936. 

Downes, JEAN. Measuring the effectiveness of a tuberculosis program. Milbank 
Memorial Fund Quarterly, Vol. 14, pp. 50-56, 1936. [1 bibliographic foot- 
note]. 

Faucut, Francis A. Health examinations. The relation of the nurse to 
periodic health examinations and life extension. American Journal of Nurs- 
ing, June, 1927, pp. (of reprint) 4. 

Faucut, Francis A. A practical method of periodic health examination. At- 
lantic Medical Journal, May, 1927, pp. (of reprint) 8. 

Faucut, Francis A. What the periodic health examination should disclose. 
Weekly Roster and Medical Digest, Vol. 30, No. 41, pp. (of reprint) 4, 1935. 

Horwoop, Murray P. Training for public health administration. Is a medical 

degree a primary prerequisite? Technology Review, Vol. 38, pp. (of re- 

print) 4, 1936. 
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pE Krutir, PAvut, in collaboration with RHEA pE Kruir. Why Keep Them Alive? 
New York (Harcourt, Brace and Co.), 1936. Pp. 293. 8% X 5% inches. 
$3.00. 

Major, Ratpo H. Disease and Destiny. Preface by Logan Clendening. New 
York (D. Appleton-Century Co.), 1936. Pp. xiv + 338 + 37 plates. 8 X 
5% inches. $3.50. 

Parran, THomas, Jr. Syphilis control in New York State. Milbank Memor- 
ial Fund Quarterly, Vol. 14, pp. 57-65, 1936. 

RANDALL, Martan G. Can the public health nurse evaluate her own activities? 
Public Health Nursing, January 1936, pp. (of reprint) 7. [1 bibliographic 
footnote]. 

Russet, A. J. H. Annual Report of the Public Health Commissioner with the 
Government of India for 1933. Volume I with Appendices. New Delhi 
(Government of India Press), 1935. Pp. ix + 400 + 12 plates. 934 X 6% 
inches. Rs. 6 As. 4 or 10 s. (paper). 

ScaMMAN, C. L. Administrative aids to rural health service. Milbank Mem- 
orial Fund Quarterly, Vol. 14, pp. 13-22, 1936. [1 bibliographic footnote]. 

SYDENSTRICKER, Epcar. Economy in public health. Milbank Memorial Fund 
Quarterly, Vol. 14, pp. 3-12, 1936. 

Union ves CAISSES D’ASSURANCES SOCIALES DE LA R&GION PARISIENNE. Les 
Caisses d’Assurances Sociales et la Lutte contre le Péril Vénérien. Numéro 
Spécial, Paris, February 1936. Pp. 48. 10% X 8% inches. 4 francs (paper). 

WreExL, Dororpy G. Measuring health needs in an urban district. Milbank 
Memorial Fund Quarterly, Vol. 14, pp. 23-36, 1936. [1 bibliographic footnote]. 

Wuson, G. S._ Assisted by R. S. Twigg, R. C. Wright, C. B. Hendry, M. P. 
Cowell and I. Maier. The Bacteriological Grading of Milk. Medical Re- 
search Council Special Report Series No. 206. London (His Majesty’s 
Stationery Office), 1035. Pp. 3902. 9% X 6 inches. 7s. 6d. net. [Biblio- 
graphy of 8 pages]. 

Yate University, Scnoot or Mepictne. Contributions from the Anna M. R. 
Lauder Department of Public Health, Volume XIV, 1933-1935. [Collection 
of reprints]. 


3. Migration 


Hroiicxa, Ares. Melanesians and Australians and the Peopling of America. 
Smithsonian Miscellaneous Collections, Vol. 94, No. 11. (Publication 3341). 
Washington (Smithsonian Institute), 1935. Pp. 58. 954 X 6% inches. 
25 cents (paper). [Bibliography of 10 pages]. 

Kocu, H. Die Abwanderung der Begabten vom Dorf. Eine Untersuchung des 
Schicksals der guten und schlechten Schulkinder eines mitteldeutschen Dorfes 
auf Grund der Schulleistungen in den eingesessenen Familien im Zeitraum 
1899-1934. Zeitschrift fiir Rassenkunde, Bd. 3, pp. 37-46. [1 bibliographic 
footnote]. 

Pearse, A. S. The Migrations of Animals from Sea to Land. Durham, N. C. 

(Duke University Press), 1936. Pp. x + 176. 8% X 5% inches. $3.00. 

[Bibliography of 44 pages]. 
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4. Population 


BatAs, CHARLES. Malthus and the population problems of to-day. Journal de 
la Société Hongroise de Statistique, No. 4, pp. (of reprint) 39, 1936. 

Corp Sprrnc Harsor Symposia on Quantitative Biology. Vol. III. Cold Spring 
Harbor, Long Island, N. Y. (Biological Laboratory), 1935. Pp. xv + 3509. 
10% X 7% inches. $3.75. [Bibliographies throughout]. 

Dusirn, Louis I. The Population Problem and World Depression. Foreign 
Policy Pamphlets No. 1. New York (Foreign Policy Assoc.), 1936. Pp. 32. 
8% X 5% inches. 25 cents (paper). [Bibliographic footnotes]. 

FiscHer, Evcen. Erbarzt und Bevélkerungswissenschaft. Der Erbarst, 1935, 
No. 8, pp. 113 ff. 

Gause, G. F. Studies on the struggle for existence in mixed populations. 
Zoological Journal [Russian], T. 14, pp. 243-270, 1935. [Bibliography of 
17 titles]. [In Russian with English summary]. 

Gause, G. F., and A. A. Wirt. Behavior of mixed populations and the prob- 
lem of natural selection. American Naturalist, Vol. 60, pp. 596-609, 1935. 
[Bibliography of 7 titles]. 

Hyort, JoHAN. Human activities and the study of life in the sea. An essay 
on methods of research and experiment. American Geographical Review, 
Vol. 25, pp. 529-564, 1935. [29 bibliographic footnotes]. 

Hyort, Jonan, J. Lr, and Jonan T. Ruvup. Pelagic whaling in the Antarctic. 
V. The season 1934-1935. Hvalradets Skrifter, Scientific Results of Marine 
Biological Research, No. 12, pp. 5-52 + 2 plates, 1935. [2 bibliographic 
footnotes]. 

Keys, AnceLt, E. H. Curistensen, and Aucust Kroc. The organic metabo- 
lism of sea-water with special reference to the ultimate food cycle in the sea. 
Journal of the Marine Biological Association of the United Kingdom, Vol. 
20, pp. 181-196, 1935. [Bibliography of 23 titles]. 

Kuczynsk1, Ropert R. The Measurement of Population Growth. Methods and 
Results. New York (Oxford University Press), 1936. Pp. vi + 255. 
8% xX 5% inches. $4.00. [Bibliographic footnotes]. 

Park, THoMAS. Studies in population physiology. V. The oxygen consumption 
of the flour beetle, Tribolium confusum Duval. Journal of Cellular and 
Comparative Physiology, Vol. 7, pp. 313-323, 1936. [Bibliography of 13 titles]. 

Peart, RayMonD. War and Overpopulation. Current History, Vol. 43, pp. 589- 
594, 1936. 

SmirH, Harry S. The réle of biotic factors in the determination of population 
densities. Journal of Economic Entomology, Vol. 28, pp. 873-808, 1035. 
[Bibliography of 16 titles]. 


5. Mortality and General Vital Statistics 


Cramér, H., and H. Wotp. Mortality variations in Sweden. A study in grad- 
uation and forecasting. Skandinavisk Aktuarietidskrift 1935, pp. 161-241. 
[Bibliography of 35 titles]. 
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DEPARTMENT OF COMMERCE, BUREAU OF THE CENSUS. Number of deaths (ex- 
clusive of stillbirths) from all causes: 1920 to 1934. Death rates per 1,000 
estimated population: 1920 to 1933. Vital Statistics, Special Reports, Vol. 1, 
PP. 15-21, 1936. 

DEPARTMENT OF COMMERCE, BUREAU OF THE CENSUS. Deaths (exclusive of 
stillbirths) from each cause, by age, sex, and color or race, in the Registra- 
tion States of 1920 (including District of Columbia): 1934. Vital Statistics, 
Special Reports, Vol. 1, pp. 55-107, 1936. 

Division oF Vita Statistics. Deaths (exclusive of stillbirths) in Continental 
United States from selected causes, by age and sex: 1934. Vital Statistics, 
Special Reports, Washington, D. C. (Bureau of the Census), Vol. 1, No. 3, 
PP. 9-13, 1936. 

DrocenpijK, Arte C. De Verloskundige Voorziening in Dordrecht van + 1500 
tot heden. Amsterdam (H. J. Paris), 1935. Pp. xv + 353. 9% X 6% 
inches. [Bibliography of 195 titles]. 

Dunn, Harsert L. Announcement of New Series—Vital Statistics—Special 
Reports. Vital Statistics, Special Reports, Washington, D. C. (Bureau of 
the Census), Vol. 1, No. 1, p. 1, 1936. 

Dunn, Harsert L. Development of Vital Statistics in the Bureau of the Census. 
Vital Statistics, Special Reports, Washington, D. C. (Bureau of the Census), 
Vol. 1, No. 2, pp. 3-8, 1936. 

InstiTuTE oF Actuaries and THe Facutty or AcTUARIES IN SCOTLAND; Pub- 
lished on behalf of. Continuous Investigation into the Mortality of Assured 
Lives. Monetary Tables A 1924-29. Vol. I, Vol. II, Vol. III (Joint Lives). 
Cambridge (The University Press) ; New York (The Macmillian Co.), 1935. 
Pp. (Vol. I) xxxix + 339; (Vol. II) x + 225; (Vol. III) x + 90. 9% xX 
6 inches. Vol. I, $22.50; Vol. II, $17.50; Vol. III, $11.00. 

MARYLAND State Boarp oF HeattH. Annual Report for the Year Ending De- 
cember 31, 1934. Baltimore, 1936. Pp. 235 + 4 folding tables. 9% xX 6 
inches. 

Miner, Jonn R. Review of “Mortality Among Patients with Mental Disease,’ 
by Benjamin Malzberg. Journal of the American Statistical Association, 
Vol. 30, pp. 777-778, 1935. 

REGISTRAR-GENERAL’S Statistical Review of England and Wales for the Year 
1933. (New Annual Series, No. 13). Text. London (His Majesty’s Sta- 
tionery Office), 1935. 95% X 6 inches. Pp. vi + 199. 3s. 6d. net (paper). 

ReEGIsTRAR-GENERAL’S Statistical Review of England and Wales for the Year 
1934. (New Annual Series, No. 14). Tables. Part II. Civil. London 
(His Majesty’s Stationery Office), 1936. Pp. iv + 152. 95% xX 6 inches. 
2s. 6d. net (paper). 


6. Morbidity and Epidemiology 


Downes, JEAN. How tuberculosis spreads in a rural community. American 

Journal of Public Health, Vol. 26, pp. 30-36, 1936. [Bibliography of 2 titles]. 
Gear, H. S. The age, sex, and monthly distribution of hospital patients in 
China. Chinese Medical Association hospital survey. Chinese Medical Journ- 
al, Vol. 49, pp. 160-175, 1935. [Bibliography of 10 titles]. 














W:) 


Fre 


Lés 


Mu 


Tau 

















RECENT LITERATURE 291 


Gear, H. S. The incidence of tumors, benign and malignant, in hospital patients 
in China. Chinese Medical Journal, Vol. 49, pp. 261-272, 1935. [Biblio- 
graphy of 11 titles]. 

Gear, H. S. The incidence of venereal diseases in hospital patients in China. 
Chinese Medical Journal, Vol. 49, pp. 1122-1135, 1935. [Bibliography of 
10 titles]. 

Gear, H. S. Tuberculosis in China: Incidence of the various types. Chinese 
Medical Journal, Vol. 49, pp. 446-464, 1035. [Bibliography of 17 titles]. 
Gear, H. S., and H. Pepersen. Some diseases common to man and animals 
in China. Transactions Ninth Congress, Far East. Association Tropical 

Medicine, Nanking, 1934, 2, pp. 305-323. [Bibliography of 65 titles]. 

MALZBERG, BENJAMIN. A statistical study of mental diseases among native of 
foreign white parentage in New York State. Psychiatric Quarterly, Vol. 10, 
Pp. 127-142, 1936. [Bibliography of 3 titles]. 

McKinzey, Eart B. A Geography of Disease. A Preliminary Survey of the 
Incidence and Distribution of Tropical and Certain Other Diseases. Wash- 
ington (The George Washington University Press), 1935. Pp. xxv + 495. 
10 X 6% inches. $5.00. 

New York TUBERCULOSIS AND HEALTH AssocIATION, Inc. The Report for the 
year 1934. Pp. 60. 9 X 6 inches. 386 Fourth Ave., New York, 1935. 
WauHee.er, Ratpo E. Epidemiology of whooping cough in a rural area. Mil- 
bank Memorial Fund Quarterly, Vol. 14, pp. 81-91, 1936. [8 bibliographic 

footnotes]. 


7. Natality, Fecundity, Fertility 


FromMott, G. Rassefragen in der Geburtshilfe und Gynakologie. Leipzig 
(Johann Ambrosius Barth), 1936. Pp. v + 96. 9% X 6% inches. 5 
marks (paper). [Bibliography of 7 pages]. 

Léscu, AuGust. Was ist vom Geburtenriickgang zu halten? 1, 2. Heidenheim 
(Wurtt.) (Dr. August Lésch), 1932. Pp. (1) 73; (2) 95. 9 X 6 inches. 
4.40 marks (paper). [Bibliography of 29 titles]. 

Murpny, T. F.: Prepared under the supervision of. Birth, Stillbirth, and In- 
iant Mortality Statistics for the Continental United States, the Territory 
of Hawaii, the Virgin Islands, 1933. Nineteenth Annual Report. U. S. De- 
partment of Commerce, Bureau of the Census. Washington (U. S. Govern- 
ment Printing Office), 1936. Pp. iv + 217. 11% X Q inches. $1.50. 

NoresTteEIn, FranK W. The fertility of populations supported by public relief. 
Milbank Memorial Fund Quarterly, Vol. 14, pp. 37-49, 1936. [7 bibliographic 
footnotes]. 

PearL, RayMonp. Birth rate in recent years. The World Today, Encyclopaedia 
Britannica, Vol. 3, pp. 27-29, 1935. [Bibliography of 2 titles]. 

Taussic, Freperrck J. Abortion—Spontaneous and Induced. Medical and 

Social Aspects. St. Louis (The C. V. Mosby Co.), 1936. Pp. 536. 934 X 

63% inches. [Bibliography of 24 pages]. 
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8. Birth Control 


SuTHERLAND, Hatitmay. Laws of Life. New York (Sheed and Ward), 1936. 
Pp. v + 270. 7% X 5 inches. $2.50. [Bibliographic footnotes]. 


9. Marriage and Divorce 


[Vacant] 


III. BEHAVIOR 
1. Racial and Genetic Psychology 


Buytenpiyk, F. J. J. The Mind of the Dog. Translated by Lilian A. Clare. 
Boston (Houghton Mifflin Co.), 1936. Pp. 213 + 20 plates. 8 XK 5% 
inches. $2.50. 

von Ercxstept, Econ Frur. Grundlagen der Rassenpsychologie. Stuttgart 
(Ferdinand Enke), 1936. Pp. 164. 9 X 5% inches. 5.49 marks (paper) ; 
6.80 marks (cloth). 25 per cent reduction outside of Germany. [Biblio- 
graphic footnotes]. 

Tommin, Micwaet I., and Ropert M. Yerkes. Chimpanzee twins: behavioral 
relations and development. Journal of Genetic Psychology, Vol. 46, pp. 239- 
263, 1935. [Bibliography of 10 titles]. [Summary in French and German]. 

Yerxes, Ropert M., and Apa W. Yerkes. Social behavior in infra-human pri- 
mates. A Handbook of Social Psychology, Chap. 21, pp. 973-1033, 1935. 
[Bibliography of 36 titles]. 

Yerkes, Ropert M., and Micnaet I. Tommrn. Mother-infant relations in chim- 
panzee. Journal of Comparative Psychology, Vol. 20. pp. 321-359, 1935. 
[Bibliography of 17 titles]. 


2. Individual Psychology 


Brit, Mosne. The reliability of the Goodenough Draw a Man test and the 
validity and reliability of an abbreviated scoring method. Journal of Edu- 
cational Psychology, Vol. 26, pp. 701-708, 1935. [10 bibliographic footnotes]. 

CrarK, Watter H. Two tests for perseverance. Journal of Educational Psy- 
chology, Vol. 26, pp. 604-610, 1935. [1 bibliographic footnote]. 

Fercusson, Harvey. Modern Man. His Beliefs and Behavior. New York 
(Alfred A. Knopf), 1936. Pp. viii + 331 + v. 8 X 5% inches. $2.75. 
[Bibliography of 3 pages]. 

Fincn, F. H. Sex differences in mental growth. Journal of Educational Psy- 
chology, Vol. 26, pp. 623-628, 1935. [Bibliography of 10 titles]. 

Lamp, CHartes J. Can aptitude for special musical instruments be predicted? 
Journal of Educational Psychology, Vol. 26, pp. 587-596, 1935. [Biblio- 
graphy of 7 titles]. 

Reep, Homer B. An experiment on the law of effect in learning the maze by 

humans. Journal of Educational Psychology, Vol. 26, pp. 695-700, 1935. 
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3. Psychiatry 


Anprop, SercE. The Probability of Commitment for a Mental Disorder of Any 
Kind Based on the Individual’s Family History. Monograph Series Number 
X. Cold Spring Harbor, Long Island, N. Y. (Eugenics Research Assoc.), 
1935. Pp. vi + 79. 9 X 6 imches. 50 cents (paper). [Bibliography of 14 
titles]. 

ASSOCIATION FOR RESEARCH IN NERvoUS AND MENTAL Disease. Editorial Board: 
Clarence A. Patten, Angus M. Frantz, Clarence C. Hare. Sensation: Its 
Mechanisms and Disturbances. An Investigation of the Most Recent Ad- 
vances. The Proceedings of the Association, New York, December 27th 
and 28th, 1934. Baltimore (Williams and Wilkins Co.), 1935. Pp. xxiii 
+ 541. 9 X 6 inches. $7.50. [Bibliography at the end of each paper]. 

MALZBERG, BENJAMIN. Mental disease among foreign-born whites, with special 
reference to natives of Russia and Poland. American Journal of Psychi- 
atry, Vol. 92, pp. 627-640, 1935. [Bibliography of 17 titles]. 

Zrecter, Litoyp H., and Jacop Heyman. False concepts of diseases or con- 
ditions as psychogenic foci. American Journal of Psychiatry, Vol. 92, pp. 
655-673, 1935. [Bibliography of § titles]. 


4. History and Biography 


AMERICAN Liperty Leacue. The Story of an Honest Man. What happened 
to Major General Johnson Hagood when, at the request of a Congressional 
Committee, he dared to speak the truth as he saw it. Docwment No. 107. 
Washington (American Liberty League), 1936. Pp. 10. 9 X 4 inches. 

BARTLETT, KATHARINE. Hopi History, No. 2. The Navajo Wars—1823-1870. 
Museum Notes (Museum of Northern Arizona), Vol. 8, pp. 33-37, 1936. 
[Bibliography of 9 titles]. 

BESTERMAN, THEODORE [Complied by]. A Bibliography of Sir James George 
Frazer, O. M. New York (The Macmillan Co.), 1934. Pp. xxi + 100 + 
3 plates. 8% x 5% inches. $4.50. 

Butter, NicHotas Murray. Andrew Carnegie, Benefactor. International Con- 
ciliation, No. 315, pp. 531-538, December 1935. 

Crocco, ANton1o. The historical background of the modern study of constitution. 
Bulletin of the Institute of the History of Medicine, Vol. 4, pp. 23-38, 1936. 
[Bibliography of 49 titles]. 

Epetstern, Lupwic. Nachtrage (Hippocrates). Paulys Realenzyklopidie der 
Klassischen Altertumswissenschaft, pp. 1290-1343. Stuttgart (J. B. Metz- 
lersche Verlagsbuchhandlung), 1934. 

EpELsTeIn, Lupwic. Winckelmann and the translation of Dioscurides. Bulletin 
of the Institute of the History of Medicine, Vol. 4, pp. 261-263, 1936. 
[Bibliographic footnotes]. 

FuLton, Joun F. A Bibliography of Two Oxford Physiologists, Richard Lower 
1631-1691, John Mayow, 1643-1679. Oxford Bibliographic Society Proceedings 
and Papers, Vol. IV, Part I. i, 1934. Oxford (Oxford University Press), 

1935. Pp. 62 + 6 plates. 10% xX 7% inches. 10 shillings (paper). 
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Grecory, Witt1am K. Henry Fairfield Osborn. Science, Vol. 82, pp. 452-454, 
1935. 

Grecory, Witt1am K. Henry Fairfield Osborn; An Appreciation. Scientific 
Monthly, Vol. 41, pp. 566-560, 1935. [Portrait]. 

Jarre, Bernarp. Outposts of Science. Journey to the Workshops of Our Lead- 
ing Men of Research. New York (Simon and Schuster), 1935. Pp. xxvi 
+ 547. 9% X 6 inches. $3.75. [Bibliography of 12% pages]. 

Larkey, SANForD V. The Hippocratic oath in Elizabethan England. Bulletin 
of the Institute of the History of Medicine, Vol. 4, pp. 201-219, 1936. [Bib- 
liographic footnotes]. 

LarKEY, SANForD V. Rare books in the Welch Medical Library. 1. Conrad 
Gesner’s copy of the Aphorisms of Hippocrates, Basel, 1547. Bulletin of 
the Institute of the History of Medicine, Vol. 4, pp. 61-64, 1936. 

{Lumrére, Aucuste]. Nomenclature des Principaux Travaux Scientifiques Pub- 
liés par Auguste Lumiére, 1887-1935. Lyon (Léon Sézanne), 1935. Pp. 47. 
8% xX 5% inches. 

MANHATTAN Mepicat Socrety. Past, Present and Future Activities of the 
Manhattan Medical Society. A brief review of major events and a forecast. 
Pamphlet No. 3. New York, 1935. Pp. 53. 11 X 8% inches. 

Miter, Genevieve. Unpublished autographs in the Welch Medical Library. 
1. An autograph of Thomas Martyn. Bulletin of the Institute of the History 
of Medicine, Vol. 4, pp. 243-246, 1936. [Bibliographic references]. 

Ouiver, Joun R. An unpublished autograph letter from Dr. John Crawford 
(1748-1813) to General William Henry Winder (1775-1824). Bulletin of 
the Institute of the History of Medicine, Vol. 4, pp. 145-151, 1936. 

Pearson, Kart. Old Tripos days at Cambridge as seen from another viewpoint. 
Mathematical Gazette, Vol. 20, pp. 27-36, 1936. 

PENNIMAN, T. K. A Hundred Years of Anthropology. New York (The Mac- 
millan Co.), 1936. Pp. 400. 8% X 5% inches. $4.50. [Bibliography of 22 
pages]. 

Suouse, Jovetr. Seventeen Months of the American Liberty League. Docu- 
ment No. 96. Washington (American Liberty League), 1936. Pp. 11. 9 X 
4 inches. 

Sicerist, Henry E. An autograph note of Louis Pasteur. Bulletin of the Insti- 
tute of the History of Medicine, Vol. 4, pp. 153-157 + plate; 1936. [Biblio- 
graphic footnotes]. 

Sicertst, Henry E. A 15th century text on the medicinal virtues of madder 
(Rubia tinctorum). Bulletin of the Institute of the History of Medicine, 
Vol. 4, pp. 57-60, 1936. [Bibliographic footnotes]. 

Sicerist, Henry E. The history of medicine and the history of science. An 
open letter to George Sarton, editor of Isis. Bulletin of the Institute of the 
History of Medicine, Vol. 4, pp. 1-13, 1936. 

TeMKIN, Owser. Epilepsy in an anonymous Greek work on acute and chronic 
diseases. Bulletin of the Institute of the History of Medicine, Vol. 4, pp. 137- 
144, 1936. [Bibliographic footnotes]. 
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TemKIN, Owser. Rare books in the Welch Medical Library. 2. Old manuscript 
prescriptions in a copy of Celsus, Venice, 1497. Bulletin of the Institute of 
the History of Medicine, Vol. 4, pp. 159-164, 1936. [Bibliographic footnotes]. 

TEMKIN, Owset. Recent publications on Egyptian and Babylonian medicine. 
Bulletin of the Institute of the History of Medicine, Vol. 4, pp. 247-256, 
1936. [Bibliographic footnotes]. 

Viene, Paut. L’Oeuvre Scientifique d’Auguste Lumiére dans le Domaine de la 
Biologie et de la Médecine. Lyon (Léon Sézanne), 1931. Pp. 31. 9% X 
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